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PEEFACE. 

This work is based upon the author^s own experience 
in the class-room, and is not designed to take the place of 
our ordinary text-books on Chemistry, but to supplement 
them. 

But few of our Chemistries in common use make any 
pretence toward practical Qualitative Analysis. To meet 
this want, the author has collected notes from numerous 
sources, especially from class-room observations, and now 
presents the best of them in this form. 

Great care has been taken to classify the subject-mat- 
ter thoroughly, and to present the simplest and most 
practicable tests to the student, and to adapt the work to 
the wants of those schools that are supplied but moder- 
ately with apparatus; at the same time, however, sufficient 
material is given to instruct the student thoroughly in 
laboratory practice, in our best institutions. 

Care has been taken in the naming of precipitates, in 
forming reagent solutions, and in the description of ap- 
paratus. Especial attention is called to the Solubility 
Table, and to the Group Reagents and Preliminary Tests 
for both metals and acids; also, to the convenient form of 
arranging the Tests, and the manner of forming Reagents. 
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The additions for students* use, by Professor La Eoy P. 
Griffin, are those portions in smaller type having the letter 
( G) affixed. The author is greatly indebted to Professor 
Griffin, and others, for valuable suggestions. 

The following authorities have been employed in com- 
paring results: Roscoeand Schorlemmer, Bloxam, Attfield, 
Kedzie, Shepard, Avery, Stoddard, Rolfe and Gillett, 
Rains, Barker, The Boston Journal of Chemistry, and va- 
rious others. 

. W. S. 
DowAGiAc, Mich., August 10, 1887. 
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IKTEODUOTIOK 



In many schools Chemistry is studied from a purely 
theoretical standpoint. 

Much is said and studied about what may be done; and 
yet, in only a few schools, do the pupils go to work and do 
the things described. One great hinderance to qualitative 
work in Chemistry has been a lack of subject-matter in a 
proper shape for the pupil's use. This book is intended 
to meet that very want. The tests are such as can be 
given with clearness and attractiveness before a class, by 
either teacher or pupil, and they are of equal value when 
every pupil works entirely by himself. 

Each pupil should be supplied with a copy of the work, 
and then have assigned to him definite lessons for study. 
'It will be a valuable exercise to have the pupil bring to the 
class a statement of the test reactions written in the form 
of equations with the equations properly balanced. For 
example, 

Zn + H2SO4 + H20=ZnS04 + H2O + H^; 

GFeClg + 2HNO3 + eHCl^SFcgCle + 2N0 + 4H2O, 

show the balancing of chemical compounds after reaction, 
and tests are balanced in the same way. 

It is a good plan to use this work in connection with 
ordinary descriptive texts. First, study carefully the oc- 
currence, preparation, properties, and uses of any metal or 

7 



8 INTRODUCTION. 

acid; then, follow that by giving a thorough line of tests 
for that substance. 

The author of this work has prepared a blank book of 
'^One Hundred and Ten Experiments in Chemistry/' to 
accompany this book or any work on general chemistry or 
chemical analysis. The main feature of the book is that 
an experiment is indicated, and the pupil or teacher 
is to go forward and make the same, the class carefully 
noting in the blank space, the manipulations of the ex- 
periment, their observations and the conclusions which they 
may draw from the same. This work of experimentation, 
conducted systematically, and upon scientific principles, 
is a never-failing source of interest and profit to all en- 
gaged in it. The blank book referred to can be obtained 
ftom the publishers of this work. 

The natural sciences should be taught mainly through 
illustration and practice in the Laboratory. Chemistry 
can not be profitably pursued in any other way than by 
illustration through experiments, and as large a part of 
this as the circumstances permit should be performed by 
the student himself. 

Do not wait until you have a well stocked Laboratory 
before you begin to experiment, but get a few things and 
go to work, and your laboratory material will increase in 
direct ratio to your interest. The materials are compara- 
tively inexpensive and few in number. 



A PRACTICAL COURSE 

IN 

QUALITATIVE ANALYSIS. 



CHAPTER I. 

PREPARATORY DEFINITIONS AND DIRECTIONS. 

Qualitative Analysis is the determination of the 
elements in a compound. 

Quantitative Analysis is the determination of the 
quantity of the individual elements in a compound. 

An Acid is a compound of hydrogen, possessing certain 
properties, chief of which are a sour taste, turning vege- 
table colors red, and allowing a metal to take the place of a 
part or the whole of its hydrogen. (Insoluble acids have 
no taste.) 

All acids contain hydrogen, but not all bodies contain- 
ing hydrogen, are acids. 

Nearly all acids contain oxygen, and are called ox-acids. 
In naming ox-acids of a single element, ic denotes the 
stronger and ous the weaker; as, sulphuric acid, H2SO4; 
sulphurous acid, H2SO3. When there are three acids, the 
intermediate in strength is usually named by some com- 
bination of the names of the elements themselves. When 
there are four, the weakest has the prefix hypo and the 
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strongest per. When there are more than four, some of 
them are given special names. 

Illustrations: HCIO, Hypochlorous Acid. 
HClOg, Chlorous Acid. 
HCIO3, Chloric Acid. 
HCIO4, Perchloric Acid. 

A Base is usually a compound of some metal, and it 
always has the property of neutralizing acids. It does this 
by replacing the hydrogen of the acid with the metal of 
the base. 

Oxygen and hydrogen unite with some elements to 
form bases and with others to form acids. 

With few exceptions, the compounds of hydrogen and 
oxygen with the metals are bases. 

The soluble and stronger bases are alkalies. 

Usually, the union of oxygen and hydrogen with the 
metallic elements forms bases, and the union with the 
non-metallic elements forms acids. 

Illustrations: KHO, Potassium Hydroxide (base). 
NaHO, Sodium Hydroxide (base). 
(H4N)H0, Ammonium Hydroxide (base). 
H2SO4, Sulphuric Acid. 
HNO3, Nitric Acid. 
H3PO4, Phosphoric Acid. 

A Salt is the compound made by the union of a base 
and an acid. The hydrogen of the acid is replaced by the 
metal of the base. 

Sometimes the acid is not wholly neutralized when 
united with a base, and the compound still retains acid 
properties. 
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An Acid Salt is one in which only a part of the hy- 
drogen has been replaced. 

A Normal Salt is one in which all of the hydrogen 
has been replaced. 

Sometimes the base is not wholly neutralized when 
united with an acid and the compound retains basic prop- 
erties. 

A Basic Salt is one in which only a part of the metal 
has been replaced. 

Sometimes a part of the hydrogen of an acid is replaced 
by one metal and a part by another. 

A Double Salt is one in which the hydrogen has been 
replaced by more than one metal. 

KgH- 2H2S04=2KHS04+ Hg, the salt being acid. 
Zn + H2S04=ZnS04+ Hg, the salt being normal. 
ZnCl2+ Zn(HO)2=2ZnClHO, the salt being basic. 
H2C03+KHO + NaHO=KNaC03+2H20, the salt 

being double. 
The salt of an ic acid takes the ending ate; of an ous 
acid, the ending ite. 

Illustrations: Ba + H2SO4 = BaS04 + H2, sulphuric 
acid giving barium sulphate. 
Ba + H2SO3 = BaSOa + H2, sulphurous 
acid giving barium sulphite. 

Nitrates are formed from nitric acid. 

Nitrites are formed from nitrous acid. 

Illustrations: 2Ag + 2HNO3 = aAgNOg + H2, the salt 
being silver nitrate. 
2 Ag + 2HNO2 = 2AgN02 + H2, the salt 
being silver nitrite. 



CHAPTER 11. 

APPARATUS AND REAGENTS. 
APPABATTJS. 

Although very convenient, yet it is not absolutely neces- 
sary to have all of the appliances of a modern laboratory, 
in order to do satisfactory work. We give the essentials 
for a laboratory in which all the tests named in this vol- 
ume can be performed, and as many additional experi- 
ments for practice as are required to give the pupil a 
proper knowledge of the subject. 

Any teacher can easily modify this list where the pupils 
are divided into groups for class experimentation. 

Where the circumstances will admit, and individual 
work is impossible, we suggest the dividing of a class 
into groups of four, for practice in the manipulation of 
experiments. 

1. Test Tubes. Get one dozen four-inch test tubes 
on broad foot; also, one dozen five-inch tubes without the 
foot. Two eight-inch test tubes can occasionally be used. 
For individual work, use the test tubes without foot. 

2. Swab. A swab for cleaning tubes can be made 
by fastening a piece of sponge to a small stick. 

3. Lamp. Where the Bunsen burner is not obtain- 
able, the alcohol lamp will do very good service. One can 
be made by putting a short piece of glass tubing through 
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the cork of a quinine bottle, and then drawing the wick 
through the tube. When additional heat is required, a 
conical sheet-iron chimney, four inches long, can be put 
over the lamp. 

4. Grlass Tubing. One pound of assorted, soft-glass 
tubing, ranging in diameter from one-eighth to three- 
eighths of an inch, will be amply sufficient. 

5. Test Tube Rack. A rack for holding test 
tubes is cheaply made by nailing together pieces of pine 
board, and boring holes for the tubes. It should hold 
twelve. A row of pins upon which to dry the tubes is a 
convenience. Have the lower board three and a half by 
twelve inches, and the upper board two by twelve inches, 
with end pieces three inches long. Bore holes in the 
upper board, and set the pins in the front edge of the lower 
board. 

6. "Water. When not otherwise supplied, water can 
be furnished from a cask resting upon an elevated bracket, 
the water being conducted to and a little above the wash- 
basin, by means of suitable tubing. 

7. "Wash Bottle. Take any bottle of convenient 
size, having a large mouth. Fit a cork tightly, using one 
with two holes through it. Fse glass tubing of about one- 
fourth inch outside diameter. Have one piece about six 
inches long, slightly bent about two inches from the end. 
Place the shorter arm through the cork. The other piece 
should be long enough to reach from the bottom of the jar 
up through the cork, and project about .six inches, bent at 
a downward angle above the cork, and having the outer 
end drawn to a fine point. Place distilled water in the 
bottle, blow through the shorter tube, and a spray will pass 
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through the other. This is used in washing precipitates, 
where a gentle stream is wanted. 

8. Rubber Tubing. About three feet each of three 
sizes of rubber tubing, corresponding to the smallest, 
medium, and largest sizes of glass tubing, will be needed. 
Rubber tubing should be a trifle smaller than the glass 
tubing with which it is used. 

9. Corks. A few assorted sizes of rubber corks 
pierced with two holes, also a few common corks, care- 
fully selected as to compactness, will be required in the 
work. 

10. Luting. Paraffine, beeswax, and sealing-wax are 
the articles commonly used. 

11. Q-as Duct. A gas chamber or duct to convey 
from the operator all poisonous or disagreeable gases, such 
as chlorine, hydrogen-fluoride, phosphuretted-hydrogen, 
and arseniuretted-hydrogen, will be almost a necessity. It 
can be a three-inch tin tube expanding into a funnel over 
the operating table, the opposite end terminating in some 
hot-air flue. 

12. Platinum. One' foot of fine platinum wire for 
flame tests, and a piece of platinum foil one inch square, 
will be sufficient. 

13. Files. A good, sharp, triangular file for glass 
cutting, and a medium sized ^^ rat- tail" file for boring 
corks, will be needed. 

14. Blow-Pipe. A common form of the instrument 
known as Black's, is a good one as well as cheap. A fair 
one for ordinary purposes can be made by drawing a piece 
of glass tubing to a fine point and bending it at a right 
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angle about two inches from the point. Those forms used 
by jewelers are among the best. 

15. Blue Glass. Two lights of blue glass, eight by 
ten inches, set in a wooden frame so as to make a double 
thickness, will be wanted in making the ^ aflame test." A 
piece of cobalt blue glass, three by four inches, will some- 
times be needed. 

16. Glass Working. Glass tubing can be cut by 
first making a transverse scratch with a file, then placing 
the tube in both hands, with the mark between the thumbs; 
a quick pressure will produce an even fracture. Soften 
the tube in the alcohol flame when it is desirable to change 
its form or to make the rough edges smooth. 

17. Graduates. A lipped metric jar, capacity of 
one hundred cubic centimetres, graduated to one cubic 
centimetre, also an English fluid measure, capacity two 
ounces, will be used in measuring liquids. > 

18. Pipettes. Three or four will be needed. They 
can be purchased, or they can be made from pieces of glass 
tubing, partly drawn to a point in the alcohol flame. 

19. Filter Papers. These can be obtained at any 
drug store. Three and a half or four inch circular filters 
are most convenient, but the ordinary filter paper in sheets 
will answer. 

20. Litmus Paper. This can be purchased, or can 
be made by dipping unsized paper into a solution of lit- 
mus, prepared by macerating litmus in water. The red 
can be made by dipping the blue papers into a very weak 
solution of acetic acid. Keep the papers well secured in 
a box, or, better, in a glass-stoppered bottle, when not in 
use. 
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It can also be made as follows: 

Boil litmus with about six times its weight of water, 
and filter. Divide the filtrate into two parts. Into one, 
if the color be not already blue, stir a few drops of a solu- 
tion of sodium hydrate, or just sufficient ammonia to give 
the solution a decided blue color, and into the other drop 
hydrochloric acid, cautiously, until the liquid becomes red, 
taking care to cease dropping in the acid as soon as the so- 
lution has become decidedly red. One solution is now blue 
and the other is red. Strips of unsized paper, as blotting 
paper, are now dipped into the solutions, and then dried, 
by hanging on or by threads. Keep the paper well pro- 
tected from chemical fumes and from the light. In using 
for tests, the blue paper is reddened by acids and the red 
paper is blued by alkalies. Sometimes it is better to mois- 
ten the paper in distilled water before making the test. 

gl. Turmeric Paper. Repeatedly digest the pow- 
dered root in small quantities of water to remove objec- 
tionable coloring matters, and lastly treat it with dilute 
alcohol, and filter. Into the alcoholic solution thus ob- 
tained, dip strips of white unsized paper, as printing 
paper; dry and keep from the light. The papers are yel- 
low. Alkalies and boracic acid turn the paper brown, but 
liquids containing boracic acid may be distinguished by 
the fact that if the paper be afterward dipped into a solu- 
tion of hydrochloric acid the yellow is not restored, while 
it would be in case the change of color had been produced 
by an alkali. Turmeric paper is also used as a sensitive 
test in other ways. 

22. Mucilage for Labels. Macerate five parts of 
good glue in eighteen parts of water, for one day. Add 
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nine parts rock-candy and three parts gum-arabic. The 
mixture can be brushed upon the paper while it is luke- 
warm. If it is to be kept in damp places, prepare a paste 
of rye flour and glue, to which linseed oil, varnish, and 
turpentine have been added in proportion of half an ounce 
each to the pound. 

23. Starch Paste. Macerate a little starch in cold 
water, after which add boiling water to bring it tp the 
required degree of fluidity. Starch paste containing KI is 
needed to test for nitrites, and is also used as a test for 
ozone. It is prepared in the same way, only that one or 
two crystals of KI must be dissolved in the water. It can 
be kept for some time in a glass-stoppered bottle. 

24. Funnels. Two or three different sizes of glass 
funnels will be found serviceable. 

25. Mortar. A Wedgewood mortar, medium size, 
will be required. 

26. Evaporating Dishes. Of these, get one of two 
ounces capacity and one of four ounces capacity. 

27. Beakers and Test Glasses. Get two glass 
beakers, capacity one and two ounces; also two conical test 
glasses, capacity one ounce. 

28. Balances. There are several forms of these. It 
is not necessary to get an expensive instrument, but some- 
thing which will weigh with approximate accuracy from 
one grain to two ounces. 

29. Ring Stand. A stand of three rings will be 
needed for supporting evaporating dishes, retorts, etc. 

30. Test Tube Holder. For quick work, use a 
folded strip of paper clasped around the upper part of the 
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tube. For more permanent work, make a stand with 
wooden upright, from which extends an arm, either split 
or with hinged piece, slightly notched toward the end, for 
holding the tube, and clasped by a rubber band. The arm 
should be so constructed that it may be moved up or down 
on the upright. 

31. Flasks or Retorts.* Procure two or three Flor- 
ence flasks, assorted sizes. Flasks and beakers should be 
heated over the sand bath or upon wire gauze. In heating 
flasks, beakers, or other glass vessels, care should be taken 
not to apply the heat suddenly at one point, but to dis- 
tribute it as evenly as possible over the surface of the glass, 
thus avoiding unequal expansion and breakage. This 
may be accomplished by moving the vessel about over the 
flame, or, better, by applying the heat indirectly by means 
of a sand bath, or by supporting the vessel on a piece of 
wire gauze and applying the heat to that. 

32. Wire Gauze. Use what is called "strainer 
cloth. ^' 

33. Sand Bath. Use an iron dish, saucer-shaped, 
filled with fine sand. Place.it on the ring stand and set 
the retort on the sand. Apply the flame beneath the dish. 

34. Charcoal. Procure some selected pieces of char- 
coal of fine grain; cross sections of small limbs preferred. 

Bemabes. — The taste, means, and facilities of the 
operator will naturally dictate the kind and amount of 
apparatus needed. Much of it can be "home made,'^ 
and thus materially lessen the expense. Cases will be 
needed in which to keep apparatus and chemicals free 
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from dust and from careless handling. Get distilled water 
from the condensing pipe of some engine. 

When each pupil works by himself, a sufficient amount of appar- 
atus must be supplied to furnish test tubes, flasks, evaporating 
dishes, ring stand, funnels, sand bath, and tube stands to each pupil. 
The other pieces can be used in common. — G. 

BEAGENTS. 

A Reagent is a substance used in the determination 
of the elements of an unknown compound. 

Some reagents are used in the dry form, but most of 
them are in the form of solutions. 

Use distilled water, pure chemicals, and keep the ap- 
paratus scrupulously clean. 

The commercial chemicals often contain many impuri- 
ties which spoil the accuracy of the test, yet they may be 
conveniently used when great accuracy is not essential, as 
they are much less expensive than those which are chem- 
ically pure. 

In using reagents, add cautiously, proceed carefully, 
and keep your eyes ^^wide open/' A single drop often 
makes a great difference in the results. 

In using reagents, great care must be taken that the 
stoppers of the bottles do not become changed. Do not , 
use the same dropping-tube in two or more reagent solu- 
tions. Corks can be paraffined to prevent sticking. If 
corks stick, take one or two twists about the neck of the 
bottle with a strong cord. A sawing motion will produce 
sufficient heat for expansion. 

Note. — The most convenient proportions for actual work are 
given in the following solutions. Usually, it is not essential that these 
exact proportions be followed. More or less of the solution can be 
added according to the strength. 
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When the laboratory is fitted for individual work, the common 
chemicals should be provided for each student and placed on a stand 
in front, upon the work table. Of those less commonly required, in- 
dicated by a star (*), a single bottle of each can be prepared and kept 
where they are accessible to all the students. — G. 

AgNOg, Silver Nitrate. Dissolve 1 part of the salt 
in 50 parts of water. 

BaClg, Barium Chloride. 1 part of the salt to 10 
parts of water. 

CUSO4, Copper Sulphate. 1 part of the salt to 8 
parts of water. 

CaSO^, Calcium Sulphate. A saturated solution. 

FeSO^, Ferrous Sulphate. 1 part of the salt to 10 
parts of water. 

* Fe2Cl6, Ferric Chloride. 1 part of the salt to 15 
parts of water. 

H2SO4, Sulphuric Acid. Concentrated, C. P. 

(H4N)2C03, Ammonium Carbonate. 1 part of the 
salt, 4 parts of water, and 1 part of ammonia solution. 

HCl, Hydrochloric Acid. Concentrated, C. P. 

Acids are often used in diluted forms. 

Dilute the acid with about four times its volume of 
distilled water. 

HoS, Hydrogen Sulphide. Through a cork in a 
wide-mouthed bottle, insert a glass tube of one-half inch 
diameter and about six inches long. Melt the lower end 
of the tube and nearly seal it, leaving a hole about the size 
of a knitting needle. Have a rubber delivery tube at- 
tached to the upper end of the glass tube, the opposite end 
terminating in a small glass delivery tube. Have a solu- 
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tion of H2SO4 and HgO in the jar, and some fragments of 
FeS in the glass tube. Lower the tube into the acid solu- 
tion and HgS will be freely liberated. Kaise it when you 
wish the flow to be stopped. A saturated solution of H^S 
in HgO is often used, but the fresh gas is much better. 
Remember that the gas should not be breathed. 

(H^NjgS, Ammonium Sulphide. This solution is 
generally purchased ready for use. It can be prepared by 
passing a current of hydrogen sulphide gas into dilute 
aqua ammonia until the solution will not precipitate mag- 
nesium sulphate. 

H3N, Aqua Ammonia. The reagent solution usu- 
ally contains 10 per cent, of gas. The ammonia of the 
shops, 28 per cent. Dilute the ammonia of the shops with 
three volumes of water. 

♦HgClg, Mercuric Chloride. 1 part of the salt to 
18 parts of water. 

(H4N)HS, Ammonium Hydrogen Sulphide. This 
can be purchased, or it can be made from (H4N)2S gently 
warmed in a test tube with a small quantity of flowers of 
sulphur. It is sometimes called ^^ yellow ammonium sul- 
phide. ^^ 

(H4N)8S allowed to stand exposed to the light, turns to (H4N)HS ; 
usually this becomes a sufficient source of the reagent. — G. 

* HgSiFg, Hydrofluosilicic Acid. Prepared by dis- 
solving 3 parts of Sir4 in 4 parts of water. 

(H4N)2C204, Ammonium Oxalate. 1 part of the 
crystallized salt in 24 parts of water. 

KgCigO,, Potassium Bichromate. 1 part of the 
salt to 10 parts of water. 
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* KI, Potassium Iodide. 1 part of the salt to 20 
parts of water. 

* KHO, Potassium Hydroxide. 1 part of the dry 
sticks to 20 parts of water. Filter the solution if not 
clear. 

* KCy, Potassium Cyfinide. 1 part of the salt to 4 
parts of water. Remember the exceedingly poisonous na- 
ture of this solution. 

K^FeCyg, Potassium Ferro-Cyanide. 1 part of 
the crystallized salt to 12 parts of water. 

* KgFeCyg, Potassium Ferricyanide. 1 part of the 
salt to 12 parts of water. This solution rapidly deterio- 
rates, and had better be prepared freshly from the crystals 
when required for use. 

♦KgCrO^, Potassium Chromate. 1 part of the salt 
to 10 parts of water. 

K2CO3, Potassium Carbonate. 1 part of the dry 
salt to 10 parts of water. 

Pb(C2H302)2, Lead Acetate. 1 part to 10 parts of 
water. 

Na2PH04, Sodium Phosphate. 1 part of the salt 
to 10 parts of water. 

NaHO, Sodium Hydroxide. 1 part of the dry 
sticks to 20 parts of water. 

NagCOg, Sodium Carbonate. 1 part to 5 parts of 
water. Often used in the dry form. 

* PtCl4, Platinum Chloride. 1 part of the salt to 10 
parts of water. 

HgC^Og, Tartaric Acid. Strong solution in water. 
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CaClg, Calcmm Chloride. 1 part of the salt to 8 
parts of water. 

Note. — The reagents named are sufficient for the tests given in 
this book. They should be put up in two-ounce bottles of uniform 
size, with ground-glass stoppers. A piece of rubber tubing should 
be pushed over the stoppers of all the bottles which contain strong 
alkalies, else the reagent will soon act upon the glass and prevent 
their removal. To use small quantities, employ the dropping-tube or 
pipette. Have separate pipettes, or thorotighly clean one before put- 
ting it into a different fluid. 



CHAPTER III. 

PRELIMINARY EXAMINATIONS. 

FLAME TEST. 

INDICATIONS OF COLORED FLAMES. 

A clean platinum wire moistened with HCl and dipped 
into the powdered substance, and held in the flame, shows 
colors as follows: 

1. Blue, changing to green, indicates Cu, Sb, Pb, As. 
(Except with Cu, green is nearly wanting.) 

Note. — Never dip a platinum wire into a substance suspected to 
contain As; it dissolves the wire. — O, 

2. Crimson indicates Sr. 

3. Q-reen indicates H3BO3, Boric Acid. 

4. Violet indicates K. This is shown through blue 
glass, which cuts off the sodium colors. 

5. Yellowish-green indicates Ba. 

6. Orange-red indicates Ca. 

7. Yellow, not seen through blue glass, indicates Na. 

SOLUTIONS. 

INDICATIONS OF COLORED SOLUTIONS. 

Blue indicates copper. 

Brown indicates copper-sulphides, or manganese. 

Brown -yellow indicates ferric-salts, gold, platinum, or 
sulphides. 

24 
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Brown-red indicates bromine. 

Green indicates copper, nickel, chromium, or ferrous salts. 

Purple-red indicates permanganates. 

Yellow indicates neutral chromates. 

Yellowish-red indicates acid chromates. 

Red indicates cobalt, or manganese. 

OXIDIZINa AND BEDXTCINa FLAMES. 

When the Bunsen or alcohol flame is burning quietly, 
you will perceive a double cone of light, with a hollow 
center of unconsumed gas. 

Do not allow the flame to burn too large. 

Put the end of the blow-pipe in the center, and gently 
blow a non-luminous flame, or one nearly so. This flame 
contains oxygen in excess, highly heated, and tends to 
oxidize substances when they are placed in it. It is called 
the oxidizing flame. 

By placing the end of the blow-pipe just outside the 
flame, and gently blowing, a flame somewhat luminous, 
and containing an excess of hydrogen and carbon at a high 
temperature, will be produced. This flame reduces or 
takes away oxygen from bodies placed in it, and is called 
the reducing flame. 

When using the oxidizing flame, keep the substance for 
experiment within thp flame of complete combustion at 
the end. 

When using the reducing flame, keep the substance for 
experiment within the flame at the point of incomplete 
combustion. 
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BOBAX-BEAD TEST. 

Heat the platinum wire and dip it into powdered borax. 
Heat the borax in the flame. At first, the borax will puff 
up into a white spongy mass, then condense into a small 
glassy bead, which is to be dipped into the solution to be 
tested, and the flame again applied. Sometimes the color- 
ing is slight unless the solution is somewhat concentrated. 

The platinum wire for tests should be about three 
inches long, with one end fastened into a piece of small 
glass tubing for a handle, and the other end bent into the 
form of a small loop. After using it for tests, the wire 
should be thoroughly cleaned. 

The wire is spoiled for tests when used with fusible 
metals, such as lead, antimony, or bismuth. 

A thread of asbestos is preferred to platinum for the 
flame test. 



OXIDIZING 


FLAME. 


METAL. 


REDUCING FLAME. 


Hot. 


Cold. 






Green. 


Blue. 


Cu. 


Red tinge. 


Blue. 


Blue. 


Co. 


Blue. 


Green. 


Green. 


Cr. 


Green. 


Red. 


YeUow. 


Fe. 


Dark green. 


Violet. 


Brown. 


Ni. 


Gray. 


Violet. 


Amethyst. 


Mn. 


Nearly colorless. 



BLOW-PIPE WITH CHABCOAIi. 

Place a small amount of the substance on charcoal and 
heat it in the reducing flame. No incrustation or metallic 
globule indicates salts of H4N, or compounds of Hg ; and 
when the odor of garlic is present, it shows As40g. 



PBELIMINARY EXAMINATIONS. 
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Volatile with 
incrustation. 

Sometimes partially - 
volatile. 

c = cold. h = hot. 

Fusible, non-volatile, 

absorbed, or 

forms a bead. 

Infusible, no change 
of color. 



Incrustation yellow, c — PbO. 

'* dark yellow, c — BigOs. 

" yellow, h; dirty white, c — SnOj. 

" white, c — SbsOs. 

" yellow, h; white, c — ZnO. 

* * reddish-brown — CdO. 

* * blue and yellow — MoOs. 

Indicates K, Na, Si, Ca, Sr, Ba. 

SiOa, AUG.. 

Some compounds of Mg, Sr, Ba, Ca. 
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CHAPTER IV. 

CHEMICAL FORCE OF ELEMENTS. 
VALENCE. 

Valence has reference to the power of any atom 
to hold other simple atoms in combination. By referring 
to the table, it is seen to differ very much in different 
elements. 

In determining valency, H is taken as the unit, and an 
element which can hold one atom of H only, is called an 
univalent element; one that can hold two atoms of H, 
or of any other univalent elenient, is called bivalent, and 
so on. 

The valence of any element is determined by any univ- 
alent element with which it will enter into combination. 
Some elements have more than one valence. 

Na and K, each being univalent, can only replace one 
atom of hydrogen. 

HNO3 (nitric acid) becomes KNO3 (potassium nitrate) 
upon displacing its H by the univalent K. 2HNO3 be- 
comes Ca (^03)2 (calcium nitrate) upon displacing its H 
by the bivalent Ca. 

H2SO4 (sulphuric acid) becomes BaS04 (barium sul- 
phate) upon displacing its H by the bivalent Ba. 

A careful study of valence will assist in naming the 
results of chemical reactions. Valence is often referred to 
by other titles; as ^^ quanti valence,'' '' bonds of union,'' etc. • 
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ATOMIC WEIQHT. 

The Atomic "Weight of an element is the weight 
of one of its atoms compared with that of an atom 
of hydrogen. The combining power of an element is pro- 
portional to its atomic weight. The molecular weight of 
a body is the sum of the atomic weights of the atoms of 
the various elements which make the compound. No 
matter how the compound is made, the^proportion of ele- 
ments by weight remains fixed. 

This principle is used in determining the exact amount 
of an element in a compound. 

EXAMPLE. 

How many pounds of sodium (N&) in 25 pounds of salt 
(NaCl)? 
23 (at. wt. Na) : 58.5 (molecular wt. NaCl) : : x : 25 lbs. 
X = 9^y\ lbs. Na. 

Rule. The atomic weight of the element to be con- 
sidered is to the molecular weight of the compound as the 
weight of the element is to the weight of the compound. 

An Atom is the smallest part into which an element 
can be divided. Most elements unite as atoms in forming 
compounds; a few unite as molecules. 

A Molecule is the smallest portion into which matter 
can be divided without changing the nature of the sub- 
stance. 

Matter can be divided intx) its component molecules by the 
application of physical forces, but each molecule retains all the 
properties of the body which was divided. When, however, the 
molecule is separated into its component atoms, a chemical force is 
required, and the properties of the resulting atoms or molecules are 
different from those of the original body. — G. 
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Many elements in the free state have a molecule con- 
taining more than one atom, and the properties of the 
molecule differ from those of the atom. Thus the atom of 
hydrogen is H; the molecule of hydrogen in the free state 
is Hg; the atom of oxygen is 0; the molecule of free oxy- 
gen is Og. 

FBOBLEMS T7NDEB ATOKIO WEIQHT. 

1. How many grains of H are there in 60g. of HgO? 

2. How much is there in 8 lbs. of nitric acid? 

3. How much can be obtained from 1 lb. of 
KCIO3? 

4. How much HNO3 can be made from 75 lbs. of 
NaNOg? 

5. How much HgO is there in 25 lbs. of sodium 
sulphate? 

6. What weight of H can be obtained from 1 cu. ft. 
of distilled HgO? 

7. How much COg is formed from the burning of 
100 lbs. of C? 

8. How much S in 5 lbs. of sulphuric acid? 

9. How much common salt is needed to make 25 lbs. 
of hydric chloride? 

10. How much Fe in 20 lbs. of PeSOi? 

11. How much in 12 lbs. of zinc sulphate? 

1 2. How much NiS04 would be required to get 5 lbs. 
of nickel? 

13. How much potassium in 30 lbs. of potassium 
nitrate? 

14. How much sodium in 20 lbs. of baking soda? 

15. How much KCIO3 would be required to obtain 
the K needed to make 20 lbs. of saleratus? 



CHAPTER V. 



PROCESS OF SOLUTION. 



By reference to the Table of Solubility, it will be seen 
that some substances are soluble in water, some in acids, 
and others in neither water nor acids. 

The process of making solutions is an im ortant one. 
We first divide all substances into metallic and non- 
metallic, and then apply the proper process, as follows: 

NON-METALLIC SX7BSTANCES. 

Process 1. Soluble in water. Reduce the substance 
to a powder, and place a small amount in water. If solu- 
tion does not take place very soon, boil the water contain- 
ing the substance. If complete solution does not take 
place upon boiling, decant and preserve the fluid for exper- 
iment, and treat the insoluble part by Process No. 2. If 
the substance shows no apparent diminution by the first 
process, make sure that it is insoluble by evaporating some 
of the fluid upon platinum foil; when no solution has 
taken place, there will be no residue upon the foil. The 
solution obtained is to be used for the determination of 
bases and acids. (See Process of Analysis, page 36.) 

Process 2. Insoluble in water but soluble in acids. 
First tr^at the powdered substance with cold dilute hydro- 
chloric acid, HCl. If it is not dissolved, slowly heat it to 
boiling, and boil for some time. If this does not dissolve 

81 
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the substance wholly or partially, treat it in the same way 
with strong IICl. If the last operation secures the desired 
result^ add the solution to the one in dilute acid^ in order 
to make the test. If hydrochloric acid does not dissolve 
the solid, repeat the experiments last named, using HNO3 
in place of IICl. When these expedients fail, mix the two 
acids to form Aqua Regia, and try again. If the substance 
or some part of it still remains undissolved, then proceed 
to Process 3. 

Note. — Keep a sharp look-out for indications. Sulphides, Cya- 
nides, Sulphites, and Carbonates may produce effervescence. Chlo- 
rine odors may arise from the compounds of that element. The 
insoluble Cyanides may give rise to the odor of bitter almonds. 

Process 3. Insoluble substajices may be heated in a 
platinum crucible, or upon platinum foil, with 4 or 6 parts 
of Sodium Carbonate (NagCOg), whioh will convert them 
into a soluble form, which may be treated as in Process 1 
or Process 2. It is important to avoid using an excess of 
acid in making solutions. 

Keducible metals, such as Sn, Bi, Sb, As, and Pb, 
should not be used with platinum, as a fusible alloy is 
produced that may destroy the vessel or foil. 

The fused mass is generally treated with hot distilled 
water to remove the excess of Sodium Carbonate. Keep 
these washings for test purposes, as they contain the acid 
radical. Wash the precipitate thoroughly, and dissolve in 
HNO3 or HCl. This solution can be analyzed for the 
basic substance. 

Many substances which are insoluble in water and 
acids, are decomposed by continued boiling in alkaline 
carbonates. 
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METALLIC SUBSTANCES. 

Treat the substance with Nitric Acid, applying heat if 
necessary. It may be a simple metal or an alloy. 

a. If not acted upon by Nitric Acid, gold, platinum, 
aluminum, or iridium are present. 

b. Antimony and tin form oxides, which do not dissolve 
in an excess of water or the acid. 

c. Other metals are converted into nitrates, which are 
soluble in an excess of water or the acid. 

d. Complete solution in HNO3 or HgO shows an ab- 
sence of the metals named in a and b. 

e. When there is a residue, and it is metallic, first 
treat it with water and then with hydrochloric acid. Dis- 
solving with effervescence indicates Aluminum. Then try 
with Aqua Regia; if any residue is left, apply gentle 
heat, and examine the solution for gold, platinum, or 
iridium. 

f. If the residue is a white, powdery substance, anti- 
mony or tin may be present. Pour off the solution, wash 
the residue with water, dissolve the powder in HCl, and 
apply the tests for those metals. (See p. 53.) 

Note a.— We use the acids in the following order: HCI, HNOs, 
and Aqua Regia, first in dilute form, then in the concentrated form ; 
first cold, and then hot. 

Note b. — The solution should be neutralized, or the excess of 
acid removed, by adding sodium carbonate until (boiling or) effer- 
vescence ceases, or until the red and blue litmus papers are not 
wholly changed in color when both are added to the solution. 
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Note c— It is usually better first to evaporate nearly all of the 
acid fluid, then dilute with water, after which add the sodium car- 
bonate. 

Note d.— If there is an unknown acid in the acid solution, it 
must be determined by tests before neutralizing. The presence of an 
acid is determined by using the litmus test. 

Note e.— Sometimes the solution is strongly alkaline, deter- 
mined by the litmus test, when it should be neutralized by carefully 
adding acetic or hydrochloric acid. 

Note f. — Sometimes, to avoid too great a dilution, it is best to 
add the sodium carbonate in the dry form. The usual way is to add 
it in the form of a solution in water. 

^ote g.— Before using filter paper, it is better to dip it into dis- 
tilled water , as this prevents the solution being absorbed by the paper. 



CHAPTER VI. 



PROCESS OF ANALYSIS. 



aSOUP BEAOEKTS. 



The analysis of unknown solutions should be conduct- 
ed upon some methodical plan. **In this study, heedless 
haste and slovenly manipulation mature an early harvest of 
error and disappointment.^' 

The metals are divided into Five Groups, the members 
of each group being separated from the solution in succes- 
sion, by the corresponding reagent. There are Four Group 
Reagents: HCl, which precipitates the members of the First 
Group as chlorides; H28, which precipitates the members 
of the Second and Third Groups as sulphides; (H4N)HS 
or (H4N)2S2, which dissolves the sulphides of the Third 
Group, leaving those of the Second; and (H4N)2C03, 
which precipitates the members of the Fourth Group as 
carbonates. The Fifth Group of metals is comJ)osed of those 
which are not precipitated by either of the above reagents. 

Many analysts prefer to use sodium sulphide, NasS, or hydro- 
gen sodium sulphide, NaHS, to dissolve the sulphides of the Third 
Group in place of (H4N)8S8. The subsequent steps of the process are 
precisely the same.— 6^. 

The determination of the hoses is the first step in 
analysis. 
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SEPARATION OF METALS OF GBOTTP ONE. 

A. 1. Suppose an unknown solution is before us for 
analysis. We place a portion of it in a test tube, and cau- 
tiously add dilute II CI. If a precipitate forms, continue to 
add the acid until no more precipitate is thrown down. The 
precipitate will contain metals in the form of chlorides, 
which may be Pb, Ag, or Hg, one or all. 

The precipitates are all white. The chloride of each of 
these metals must next be separated from the mixture. 

^2. Arrange a filter in a glass funnel, and turn the con- 
tents of the test tube upon the filter. When the filtrate 
has all passed through, wash the precipitate with cold dis- 
tilled water. Usually, it is not a good plan to let the wash- 
ings run into the filtrate as it may dilute it too much. 
Preserve the filtrate (that which runs through) to be tested 
by the Second Group reagent. (See B, p. 37.) 

3. Pour some boiling water upon the washed precipi- 
tate. This dissolves the PbClg, which is soluble in hot water, 
though not in cold, but leaves the other chlorides. Repeat 
the washing two or three times to make sure that the PbCl2 
is all dissolved. Divide the solution of PbClg into three 
parts and test each for Pb by the first, third, and fifth tests. 
(See tests for lead, p. 50.) 

4. Pour warm (H4N)H0 upon the residue in the filter. 
This dissolves AgCl and causes it to pass into the filtrate; 
at the same time, the HgCl is blackened by being turned 
into NHgHggCl. 

5. Add HNO3 to the filtrate which contains the AgCl 
until the (H4!N')H0 is neutralized, when the AgCl is re- 
precipitated. Filter out the AgCl, spread the filter and 
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expose it to- the sunlight; the presence of Ag is confirmed 
by the blackening of the precipitate. 

When there is considerable of the AgCl, the presence of Ag can 
be still further proved by drying a portion, mixing it with sodium 
carbonate, NagCOa, and heating it on charcoal before the blowpipe in 
the reducing flame; metallic Ag is produced. — G, 

6. The black precipitate still remaining in the filter is 
to be tested for Hg. This may be done by dissolving it in 
Aqua Kegia and applying either of the special tests. (See 
p. 51.) 

A very convenient method for testing the Hg, and one which all 
students should apply, is the following: Evaporate the solution in 
Aqua Regia to a small amount, add a little water and filter. This re- 
moves any AgCl which failed to be dissolved. Then place a piece of 
clean copper wire in the filtrate, and boil ; the copper turns gray from 
precipitated Hg. 

By heating the wire in a closed tube, the Hg is sublimed and ap- 
pears as minute drops upon the side of the tube. — O, 

Note. — The mercurot(s salts alone belong to this First Group; 
the mercuric salts belong to the Second Group. Lead is incompletely 
precipitated in the First Group, but is completely precipitated in the 
Second Group. 

SEPARATION OF KETAXS OF GBOUP TWO. 

B. 1 . To the filtrate from the First Group, A, add cau- 
tiously HgS. If a precipitate appears, continue to add H^S 
until no more precipitate is thrown down. 

2. The precipitate will contain metals in the form of 
sulphides, which may be Pb, As, Sb, Sn, Bi, Cu, Cd, Hg, Au, 
and Pt; also some rarer metals, one or all. 

3. The sulphides are colored as follows, viz. : As — ^yel- 
low; Sb — orange; Sn — brown or yellow, brown indicat- 
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ing stannous, yellow indicating stannic salts; Pb, Bi, On, 
and Ilg are black; Cd is yellow. 

4. It is useless to search for Pb or Cu in a light colored 
precipitate; but we must not suppose or infer that the pre- 
cipitates of the lighter colors are absent from the black. 
Their presence or absence must be determined by careful 
tests. 

5. Thoroughly wash the precipitate as in First Group, 
and preserve the filtrate for examination for the Third 
Group. (See C, p. 40.) 

6. The precipitates consisting of the mixed sulphides 
are treated with (H4N)gS8, yellow ammonium sulphide, 
which dissolves some of the Second Group sulphides, and 
forms the First and Second Parts. 

Many analysts prefer to use NaaS, sodium sulphide, to make this 
separation. — O, 

First Part. 

This is the remaining precipitate, and contains one or 
more of the sulphides of Hg, Pb, Bi, Cu, and Cd, which 
make Group Two. 

Second Part. 

This is the filtrate, and contains one or more of the sul- 
phides of Sn, Sb, As, and rarely Au and Pt, which make 
Group Three. 

Note.— In using the ammonium sulphide for this separation, use 
it in an evaporating dish, and digest for some time with gentle heat. 

To remove the precipitate from the filter to the evaporating dish, 
the filter may be spread out upon a clean glass plate and the precipi- 
tate scraped off with a horn or ivory spatuhi; or, a hole may be made 
in the bottom of the filter as it rests in the funnel, and the precipitate 
washed down with a fine stream of water from the wash bottle.— 6^. 
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Separation of SCetals of First Part. 

1. Boil the sulphides in dilute HNO3. -^ black in- 
soluble residue indicates HgS. 

2. Treat the residue with Aqua Eegia, boil down to 
expel the excess of acid, and test for Hg with copper wire, 
as in Group One, and with SnClg. (See tests for Hg, 
p. 51.) 

3. Test the filtrate for Pb by adding H8SO4 to a small 
portion. If a precipitate forms, add HgS04 to the entire 
filtrate, which will remove the lead as a white precipitate 
of lead sulphate, PbS04. Filter, and proceed with the 
filtrate to ascertain the presence of Bi, Cu, and Cd. 

4. To the last filtrate, add an excess of ammonia. Bi 
is precipitated as bismuthous oxide, BigOg. 

To confirm its presence, the Bi208 is filtered out and dissolved in 
a small amount of HCl. The solution is then evaporated to one or 
two drops and poured into a test tube containing cold water; a white 
precipitate of BiOCl, Bismuth oxy-chloride, is formed. — O, 

5. Cu and Cd, if present, remain in the solution. The 
presence of Cu tinges the solution a blue color. 

6. To separate Cu and Cd, add HgS to the solution, 
which precipitates both of them. Add hot dilute H2SO4 
to the precipitate on the filter paper; Cd is placed in solu- 
tion and passes into the filtrate. 

The presence of copper can be confirmed by again dissolving the 
CuS in (H4N)H0 and applying the tests for the metal. (See p. 64.) 
The solution can be tested for Cd by neutralizing the H8SO4 with 
(H4N)H0 and applying the tests for the metal. (See p. 54.) — G, 
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Separation of Metals of Second Part. 

1. The sulphides of Sn, Sb, aiwi As are precipitated 
from the filtrate by adding HCl. Filter, and wash the 
precipitate with hot water. 

2. Place the precipitate in a flask, and boil with con- 
centrated HCl until you can not detect the odor of HgS, 
and a piece of filter paper moistened with a solution of lead 
acetate is not darkened 

3. Sb and Sn are dissolvied, while AsgSg remains undis- 
solved. Filter and wash. Boil the residue in strong HCl 
with a few crystals of KCIO3. AsgSg is converted into 
H3ASO4, arsenic acid, which may then be tested. (See 
tests for As, p. 52.) 

4. To the last filtrate, add Zn and a piece of platinum 
foil, bringing the Zn into contact with it. Sn and Sb, if 
present, are reduced to the metallic state. Sn is deposited 
on the Zn, and Sb on the Pt, as a black stain. Au and Pt 
being insoluble in HCl, remain with the residue containing 
As. 

5. Treating the precipitate with KCIO3 and HCl, Au 
and Pt are dissolved. 

SEPABATION OF METAIiS OF aBOTTP THBEE. 

C. 1. The filtrate from the Second Group, B, should be 
boiled to expel HgS. 

2. After adding a little HNO3, boil for a time to 
change ferrous salts to ferric, if any are present. 

3. Add H3Nand H4NCI. Fe, Cr, and Al are precipi- 
tated as oxides. 
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4. To the filtrate, add (H4N)HS. Ni, Co, Mn, and 
Zn are precipitated as sulphides. 

5. Boil the precipitate containing Fe, Cr, or Al for 
several minutes in KHO. The aluminum is dissolved. 
Filter and wash. 

6. Dissolve a small portion of the precipitate in HCl, 
which turns the oxide to the chloride, and test it for Fe. 
(See tests for Fe, p. 54.) 

7. Fuse a second part of the precipitate on platinum 
foil with KNO3 and NagCOg; boil the fused mass in 
water, and then test it for Or. (See tests for Or, p. 55.) 

Boil the remainder of the precipitate in an excess of NaHO, 
sodium hydrate. This dissolves the Al and turns it to Na8Al204, 
sodium aluminate. Filter, and add HCl to the filtrate until it pro- 
duces acid reaction. This produces AlgCU, aluminum chloride. Add 
H4NHO, and a floculent precipitate of AUHeOe, aluminum hydrate, 
is produced.— 6^. 

8. The color of the precipitates is as follows, viz.: 
E'e, reddish brown; Al, colorless and gelatinous; Cr, bluish- 
green; Mn, flesh color; Ni and Co, black; Zn, white. 

9. If the precipitated sulphides of one or more of the 
following metals — viz.: Ni, Co, Mn, or Zn — be light col- 
ored, cobalt and nickel must be absent; if dark, one or 
both are present. 

10. If dark colored, treat it with cold HCl, and then 
filter. The filtrate will contain the Mn and Zn, if present. 

11. Test the precipitate for Co with the borax-bead. 
(See JBorax-Bead Test,* p. 26.) 

12. If Co is present, dissolve the precipitate in a small 
amount of Aqua Regia, and add NaHO until the precipitate 
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is permanently formed. Add acetic acid and a strong 
solution of KNOg, potassium nitrite. Warm the solution 
gently, or permit it to stand in a warm place for about 
twenty hours, and the Co will be precipitated. 

13. Filter; the filtrate will contain the Ni, whose 
presence may be confirmed by the tests for that metal. 
(See tests for Ni, p. 55.) 

14. Boil the filtrate containing Mn and Zn, to expel 
HgS, and add an excess of either NaHO or KHO. After 
standing for a little time, Mn is precipitated as Mn2II0, 
which is white. (See tests for Mn, p. 56.) Filter and 
test the filtrate for Zn by the second and third tests. (See 
tests for Zn, p. 56.) 

SEPABATION OF THE METALS OF aBOTJP F0X7B. 

D. 1. Boil the filtrate from the Third Group, 0, to 
expel the HgS. 

2. If the solution be acid, render it alkaline by adding 
(H,N)HO. 

3. Add a small amount of H4NCI, warm the mixture, 
and then add (H4N)gCo3 as long as a precipitate is 
formed. 

4. The precipitate may contain Ba, Ca, and Sr, one or 
all, in the form of white carbonates. Filter, and wash the 
precipitates thoroughly with hot water while they are on 
the filter. 

6. Dissolve the precipitate in acetic acid. Test for Ba 
by adding either KgCrgO, or KgCr04 to a small portion. 
If Ba is present, a yellow precipitate, BaCr04, is formed. 
If Ba is present, remove it from the whole solution, filter 
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and dissolve the residue in HCl, and apply further tests 
for Ba. (See tests for Ba, p. 56.) 

6. To the filtrate which may contain Sr or Ca, add 
its own volume of KgS04, and the strontium is precipitated 
as SrS04, strontium sulphate. Some time should be given 
for the precipitate to form. 

7. To the filtrate obtained by removing Sr, add H3N 
and ammonium oxalate, (H4N)2C204. This gives a white 
precipitate insoluble in acetic acid but soluble in HCl, 
which is distinctive of Ca. 

Notes by La Boy F. Ghrif&n. 

Another process for separating these metals, which is somewhat 
more accurate than the preceding, is as follows : 

Filter out the precipitated carbonates, and wash the precipitate 
into a test tube, add a small quantity of HCl : it changes the carbon- 
ates to chlorides. 

Evaporate the solution, cautiously, t/O dryness, in a small evap- 
orating dish. A crystalline residue remains, which is then treated 
with (C8H6)H0, ethylic alcohol. The crystals should be pulverized 
carefully with the end of a stirring rod that the (C8H6)H0 may act 
upon every part: the SrClg and CaCU are dissolved, while the BaCls 
remains. (It is well to repeat this process to render the separation 
complete.) 

The residue may now be tested for Ba. (See tests for Ba, 
p. 56.) 

Add dilute H2SO4 to the filtrate. This produces a white, gelati- 
nous precipitate of mixed strontium sulphate, SrS04, and calcium 
sulphate, CaS04, with a trace of BaS04, which must be removed to 
make the final tests reliable. Filter out the precipitate, transfer it 
to an evaporating dish, and boil it for five minutes, in a mixture of 
sodium carbonate, NagCOs, and potassium sulphate, K2SO4. This 
turns the SrS04 and CaS04 to carbonates, while the BaS04 remains, 
but soon dissolves. Filter; the precipitate in the filter consists of 
mixed SrCOj, and CaCOj. Wash it thoroughly with water. 



44 QUALITATIVE AN^ALYSIS. 

Now, transfer the precipitate to a test tube, and dissolve it in HCl; 
the effervescence is caused by the escape of C0». Evaporate the solu- 
tion nearly to dryness to expel all HCl, and dissolve it in water. 
This solution consists of SrCli and CaCl|. 

If the solution is not clear, filter out the impurities. 

Divide the solution into two parts, and test one for Sr by adding 
CaS04. A white precipitate of SrSO* shows the presence of Sr. 

Test the other for Ca by adding potassium sulphate K8SO4, to 
remove the Sr as SrS04. Filter, and add ammonium oxalate, 
(H4N)£C804, to the filtrate. A white precipitate of calcium oxalate, 
CaC204, shows the pret>ence of Ca. 

Sometimes this precipitate does not appear until after standing 
for some time. Consequently it is well to allow it to stand for twenty- 
four hours before deciding that Ca is absent. 

SEFABATION OF THE XETALS OF GBOUP FIVE. 

B. The filtrate from Group Four (see D, No. 4) may 
contain the metals of Group Five, Mg, H4N, K, and Na. 
The solution is divided into three parts. 

1 . The first part is to be tested for Mg by adding 
(H4N)H0 to alkaline reaction, as shown by turning red 
litmus paper blue, and then di-sodium phosphate, 
NagHP04. This forms a white precipitate of ammonio- 
magnesic phosphate, H4NMgP04. Frequently, it only 
appears after the mixture has stood for some time. 

2. The second part is to be evaporated almost to dry- 
ness, and tested for Na and K by the Flame Test. (See 
Flame Test, p. 24.) Their presence may be confirmed by 
the special tests for those metals. (See p. 57.) 

3. The third part is to be tested for H4N by adding 

NaHO (See tests for H4N, p. 57.) 

Note. — As ammonium has been added in the process of testing 
for members of the other groups, it will be found in this filtrate. 
Therefore test for H4N in a portion of the original solution. 



CHAPTEE VII. 



PRELIMINARY STEPS. 



The First Step is to place a small amount of the 
powdered substance in a dry test-tube — a hard glass or 
ignition tube is best — and apply a gentle heat at first, then 
full heat, carefully noting the changes. - 

Laboratory students can use a closed tube made over the lamp 
flame from glass tubing. The most convenient method is to cut off 
a piece of tubing about five inches long, and melt the middle, drawing 
it out as it melts, and so close both pieces. A new tube can be used 
for each test. The following reactions are to be noted, and any 
indication should be followed by a test for the substance indicated. — O, 

A. If the substance remains unchanged, it shows the 
absence of volatile, fusible or organic matter; also, the 
absence of water of crystallization, and substances whose 
color is changed by heat. 

B. If the substance changes color, it may be from the 
forming of an oxide, or the charring of organic matter. 
Smoky fumes usually arise from the charring of organic 
matter. The residue shows the following indications or 
changes. The first color is for the substance while hot, the 
latter color when it has become cold. 



BiaOa, 


red-brown 


to pale yellow. 


PbO, 


red-brown 


to yellow. 


FeaOs, 


black 


to red. 


ZnO, 


yellow 


to white. 


SnO«, 


yellow-brown 


to yellow. 


Co and Cu, 


black, after intense 
45 


heating. 
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C. A sublunaie is formed (suilimaHon meaning the 
changing into vapor by heat^ and condensing again when 
cooled). 

Hg is indicated by a gray tarnish or distinct globules. 

Hg CI sublimes without fusion; yellow while hot, 
white when cold. 

HgClg melts, then sublimes, showing crystals, white 
when cold. 

A white sublimation without fusion, giving ammonia 
odors, changing red litmus to blue when heated with 
sodium carbonate, indicates salts of H^N". 

Ab^O^ produces a white sublimate, no fusion, octa- 
hedral crystals seen through a lens. 

SbgOg fuses and sublimes in needle-shaped crystals. 

HgS gives a black sublimate, which becomes red when 
rubbed with a glass rod. 

S sublimes in reddish-brown drops. 

D. If watery vapor is driven off, it may come from 
water of crystallization, or water held mechanically, or 
some decomposable hydrates, as borax. 

E. Gases or fumes driven off upon the application of 



O2, tested by plunging into it a glowing splinter, 
comes from the bromates, chlorates, iodates, nitrates, and 
peroxides. 

CO2, tested by lime water, with which it produces a 
white precipitate of CaCOg, calcium carbonate, comes from 
the carbonates. 

SO2, known by the odor, comes from the compounds of 
sulphur. 
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HgS comes from the sulphides containing water, and is 
known by the odor of rotten eggs. 

H3N is given off from the salts of ammonia. The tests 
are moistened red litmus paper, which is blued, or moist- 
ened turmeric paper, which is turned brown, and bringing 
the gas into contact with HCl gas, in which case, white 
fumes are formed. 

CN, known by its odor, is given off by certain cyanides. 

NOg produces reddish-brown fumes, from the decom- 
position of the nitrates. 

CO burns with a blue flame, and indicates the presence 
of oxalates. 

CI, Br, and I, are recognized by their odor and color, 
and show the presence of chlorides, bromides, or iodides. 

The Second Step is to apply the Flame Test, 
noting the colors carefully. (See Flame Test, p. 24.) 

The Third Step is to apply the Charcoal Test. 
(See '' Blow-pipe with Charcoal," p. 26.) 

The Fourth Step is to give the Test with Borax. 
(See '^ Borax-Bead Test," p. 26.) 

The Fifth Step is to mix the substance with a small 
amount of NagCOj, and heat in the reducing flame on 
charcoal. 

The amount of the Na^COg should be about double that 
of the substance to be tested. 

A mixture of Na2C03 and KCy makes a powerful re- 
ducing agent, which becomes necessary in treating the 
compounds of tin. 

A. Metallic globules with no coating or incrustation. 
Cu gives a red, malleable globule. 
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Au gives a yellow, malleable globule. 

Ag gives a silvery-white, malleable globule. 

B. Metallic particles, powder or grains with no incrus- 
tation. 

Fe, Ni, Co, are magnetic and infusible. 
Pt, Ir, are non-magnetic *and infusible. 

C. Incrustation without metallic particles or powder. 
As, odor of garlic, very volatile, white. 

Cd, reddish-brown and volatile. 

Zn, yellow while hot, white when cool. 

D. Metallic particles or globules with incrustation. 

Sb, white coating, globule easily formed, hard and 
brittle. 

Pb, yellow coating, globule easily formed, soft and 
malleable. 

Bi, yellow coating, globule easily formed, fusible and 
brittle. 

Sn, pale yellow, to white on cooling, globule formed 
with difficulty, malleable and fusible. 

The Sixth Step is to heat the substance on charcoal 
in the reducing flame, then remove and moisten with a 
small amount of cobalt-nitrate, Co (^"03)2, then return to 
flame, and heat intensely. 

A colored mass will be given, the color of which will be 
observed when cold. 

ZnO shows yellowish-green. 

Sb203 shows dingy-green. 

SnO, shows bluish-green. 

MgO shows pini^^ ^ 

AlsOa shows blue. 
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SiOg shows pale blue. 

The alkaline silicates, phosphates, and borates give a 
bead of blue glass. 

The Seventh Step, if the substance be in a liquid 
form, is to test with the litmus papers to ascertain whether 
it be acid or alkaline. Place some of the liquid on platinum 
foil, and evaporate to ascertain if there be any residue. 

The Eighth Step is to use the Group Eeagents a^d 
proceed with the precipitates as indicated in Chapters VI. 
and VIII. 



CHAPTEE VIIL 

TESTS FOR THE METALS. 

METAIiS OF THB FIBST GBOUP. 

Note 1. — pp. stands tor precipitate in the following tests. 

Note 2. — In the following tests it is supposed that the solution 
from the preceding Group Reactions, which contains the metal to 
be tested, is at hand. 

Note 3. — Any of the common salts can be put into solutions and 
the tests applied without using the Group Reagents. 

liead CPb). 

1. Add HgS04, white pp. (PbS04), insoluble in acids, 
2. 
3. 
4. 
6. 
6. 
7. 
NaHO. 

Silver (Agr). 

1. Add HCl, white pp. (AgCl), soluble in HgN and not 
inHNOg. 

2. Add HgS, black pp. (AggS), insoluble in alkalies. 

3. '' KHO, brown pp. (AggO). 

4. ^^ KI, yellowish- white pp. (Agl), insoluble in 
acids, slightly soluble in HgN. 

50 



(H4N)2C03, white pp. (PbCOg). 

KgCrgO,, yellow pp. (PbCrO^). 

KI, yellow pp. (Pbig), soluble in HgO. 

HgS, blaxjk pp. (PbS), soluble in hot HNO3. 

HCl, white pp. (PbClg), soluble in boiling HgO. 

NaHO, white pp. (PbHgO), soluble in excess of 
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6. Add KCy, white pp. (AgCy). 

6. '' K8Cr04, dark-red pp. (Ag2Cr04), soluble in 

7. " Na2HP04, yellow pp. (AgsPO^). 

Kercury (Har). Keronrous Salts. 

1. Add HgS, or (H4N')2S, black pp. (HggS), insoluble 
in hot HNOg, soluble in Aqua Regia. 

2. Add NaHO, black pp. (Hg^O). 

3. '^ KI, yellowish-green pp. (Hgl). 

4. '^ SnClg, gray-metallic pp. (Hg). 

6. '' HCl, white pp. (HgCl). Filter, and add 
H3N; turns black. 

Note. — See Hg (mercuric conditions) in Second Group. 



METALS OF THE SECOND aBOUP. 

KeroTiry (Hff). Mercuric Salts. (See Fir^ Group.) 

1. Add NaHO, yellow pp. (HgO). 

2. '^ K2Cr04, orange pp., soluble in HNO3. 

3. '' SnCl2, white pp. ( Hg CI ). If added in excess 
gray metallic Hg is deposited. 

4. Add KI, yellow pp. (Hgig), rapidly becoming 
scarlet; soluble in an excess of KI or HgCl^. 

6. Add H3N, white pp. (H^NHgCl). 

6. Add HgS, white pp. changing to orange, brown, and 
black (HgS); insoluble in hot HNO3, soluble in Aqua 
Eegia. 

7. The Copper Test, Place a small piece of bright 
copper, about one-half inch long and one-fourth inch 
broad, in a solution of any salt of mercury, and heat in a 
test tube. The copper becomes coated with mercury in a 
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fine state of division. Avoid an excess of HNO3, or the 
Cu will be dissolved. To dispose of HNOa, ^^ ^^ alkali 
until a slight precipitate appears^ then add a few drops of 
acetic acid or 11 CI. 

After the Cu has been coated with the Hg, the test can 
be confirmed by putting the piece into a closed tube and 
heating. The Hg is driven off, and collects in minute drops 
on the side of the tube. 

Arsenic (As). 
Add HgS, yellow pp. (AS2S3), soluble in NaHO. 

Note. — There are two classes of As salts — ^viz.: AS4O6, Araenious, 
and AsgOs, Arsenic. 

ArseniouB. 

1. Add IlgS, bright yellow pp. (As^Sg), readily soluble 
in (H,X)2C03. 

2. Dissolve in HCl; add a piece of clean copper; a 
gray coating is found. 

3. Add AgNOg to a neutral solution, yellow pp. 
(AgsAsOs). 

4. Add Ammonio-Sulphate of Copper, green pp. 
(CuHAsOg), Scheele's Green, soluble in HCl and H4NHO. 

5. Add Ammonio-Nitrate of Silver, yellow pp. (Agg 
AsOg), easily soluble in HNO3 and in H4NHO. 

6. Take arsenic green from wall paper, moisten with 
HgN", place solution on porcelain, a yellow pp. will be 
formed by adding a crystal of AglSTOj. 

Arsenic. 
1. Add AgNOs to a neutral solution, reddish-brown 
pp. (AggAsOJ. 
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2. Add Ammonio-Nitrate of Silver, brick-red pp. 
(Ag3As04), soluble in HNO3 and in H^NHO. 

3. Add Ammonio-Sulphate of Copper, light greenish- 
blue pp. (CU32ASO4). 

Note.— See Marsh's Test for Arsenic, in Appendix. 

Antimony (Sb). 

1. Add HgS, orange pp. (Sb2S3), soluble in NaHO, 
insoluble in (H4N)8C03. 

2. Add H4NHO, white pp. (SbH303). 

Note.— See Marsh's Test for Arsenic, in the Appendix, and 
read distinction between As and Sb. 

Tin (Sn). Stannous Salts. 

1. Add HgS, dark brown pp. (SnS), soluble in yellow 
(£[4^)282, re-precipitated by HCl, yellow pp. (SnSg). 

2. Add HgClg, white pp. (HgCl). 

3. " H4NHO, white pp. (Sn2H0). 

4. *^ KHO, white pp. (Sn2H0), dissolves in excess 

of KHO. Boil the solution, Sn is deposited as black pp. 

(SnO). 

stannic Salts. 

1. No pp. occurs in Ko. 4 above, in stannic salts. 

2. Add HgS, yellow pp. (SnSg), soluble as in No. 1 
above. 

Bismuth (Bi). 

Note.— If you use Bi(N08)s for test solution, boil it in solution 
with water and the pp. will fall ; turn oflf the clear fluid and apply the 
tests. 

1. Add KHO, white pp. 

2. '' H2O, white pp., insoluble in tartaric acid. 

3. '' HoS, black pp. (BigSg), soluble in HNO3. 
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4. Add II4NHO, white pp. (BiHOs). 

6. " KgCrgO,, yellow pp. (BiOgCrgO,), insoluble 

in KHO. 

6. Add H4NHO, white pp. (BiOHO), becomes yellow 

on boiling. 

Copper (Ou). 

1. Add HgS, black pp. (CuS), soluble in HNO3. 

2. '' H4NHO, greenish-blue pp. (Cu2H0). 

3. '' (H4N)HS, purplish red or dark pp. (CuS). 

4. " KHO, green pp. (Cu'2H0), turns blaxjk bjr 
boiling. 

6. Add K4FeCy8, reddish-brown pp. (CugFeCyg). 
6. ^' KCy, greenish-yellow pp. (CuCyg), soluble in 
excess. 

Gold (Au). 

1 . Add HgS, brown pp. ( AugSg). 

2. " FcgClg, set aside, metallic Au is precipitated. 

3. *^ SnClg to a drop of Au solution on white paper, 
a rich purple will appear. Purple of Cassius. 

4. Boil some of the solution of Au in oxalic acid. The 
Au is precipitated in metallic form. 

Cadmium (Cd.) 

1. Add H4NHO, white pp. (Cd2H0), soluble in excess. 

2. '' HgS, yellow pp. (CdS), soluble in HNO3, 
insoluble in KCy. 

3. Add KCy, white pp. (Cd2Cy), soluble in excess. 



METALS OF THE THIBD GBOTTP. 
Iron (Fe). Ferrous Salts. 

1. Add K4FeCy6, white pp. (KgFegCyg), rapidly be- 
comes blue. 
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2. Add (H4N)HS, black pp. (FeS). 

3. " KgFdcy (ferricyanide of potassium), blue pp. 
(FegFdcy), Turnbull's blue, is thrown down. 

4. Add (H4N)2C03, white pp. (FeCOg), fluickly turns 

dark. 

Ferric Salts. 

1. Add K4FeCy6, a blue pp., (Fe4Fe3Cyi8), Prussian 
blue. 

2. Add (H4N)2C03, reddish brown pp. (FegGHO). 
8. Same as 2, ferrous salts. 

4. Add HglSr, reddish-brown pp. (Fe2H0). 
6. " Nut-gall, blue-black pp. 

Ohromiiun (Or). 

1 . Add H2S, changes color to green. 

2. *' Lead acetate, yellow pp. (PbCr04). 

3. '^ AgNOg, brownish-red pp. (Ag2Cr04). 

4. " (H4N)2S, bluish-green pp. (Cr26HO), soluble 
in acids. 

AlxLzriiziuxa (Al). 

1. Add ]Sra2HP04, white pp. Al2(P04)2, soluble in 
KHO, insoluble in acetic acid. 

2. Add (H4N")2S, white pp. (AlgBHO), flocculent. 

Nickel (Ni). 

1. Add (H4N)HS, black pp. (NiS). 

2. '' KHO, light green pp. (Ni2H0). 

3. " H4NHO, greenish or faint-blue pp. (Ni2H0), 
excess of H4NHO dissolves pp. in 2 and 3. 

Cobalt (Oo.) 
1. Add H4NHO, blue pp. (Co2HO), dissolves in excess 

of H4NHO. 
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2. Add (H4N)HS, black pp. (CoS), insoluble in HCl, 
soluble in HNO3. 

3. Add KCy, brownish- white pp. (CoCyg), soluble in 
excess of KCy. 

Manflranese (Kn). 

1. Add (H4N)HS, flesh colored pp. (MnS), turns to 
brown. 

2. Add KHO, white pp. (Mn2H0), turns brown by 
shaking. 

8. Add n^NHO, white pp. (Mn2H0), turns brown. 

Zlno (Zn). 

1. Add (H4N)HS, white pp. (ZnS), insoluble in acetic 
acid, soluble in HNO3. 

2. H4NIIO gives white pp. (Zn2H0), soluble in 
excess; given again by boiling. 



METAIiS OF THS FOT7BTH aBOXTP. 
Barium (Ba). 

1. Add KgCr^O, and H^NHO, light yellow pp. (BaCr 
O4), insoluble in acetic acid. Without H4NHO deep 
yellow pp. is given. 

2. Add (Il4N)C03, white pp. (BaCOa). 

3. '^ weak H2SO4, white pp. (BaS04), insoluble in 
acids. 

4. Add K2Cr04, light yellow pp. (BaCr04). 

5. '' Na2nP04, white pp. (BanP04). 

strontium (Sr). 

1. Add (H4N)C03, white pp. (SrOOj). 

2. '' NagCOa, white pp. (SrOOj). 



TiSSfS FOR THE METALS. 6'}' 

S: Add (H4N)2Cj504 white pp. (SrCgO^), soluble in 
HCl. 

Oaloiiun (Oa). 

1. Add (H^N)gCO„ white pp. (CaCOg). 

2. " (H^NijCgO*, white pp. (CaCg04), soluble in 
HCl. 

MagmeBiiun (M.g)» 

1. Add H4NHO and Na^PHO^, faint white pp. 
(MgH.NPOJ. 

2. Add (H4]Sr)8C03, white pp. (MgCOg), when boiled 
soluble in excess of (H4N)C1. 



METAIiS OF THE FIFTHiaBOUP. 
PotaBBium (K). 

1. Add tartaric acid, strong solution, white pp. acid 
tartrate of potassium (KH5C4OQ) is formed by stirring. 
Solution must be cold and somewhat concentrated. 

2. Add PtCl^, yellow pp. (PtCl42KCl) is formed by 
stirring. 

Sodium (Na). 

1. Add HgSiFg, white pp. (NagSiPg), gelatinous. 

Axnxnonium (H4N). 

1 . Add KHO and heat,, gaseous H3N escapes, and may 
be detected by the sense of smell. • 

2. A warm glass rod wet with HCl, and brought near 
fumes in 1 will give white fumes of (H^NCl). 

3. Add PtCU, yellow pp. (PtCl42H4NCl), insoluble in 
alcohol. (See test for H4N, in Appendix.) 

Note. — A large number of the metals should be tested by the 
flamef borax-becbd, or charcoal. 



CHAPTER IX. 

TESTS FOR ACIDS. 

FBELIMINABT TESTS. 

Note. — The solution for analysis should be divided into two or 
more portions, one of which is to be\ised in testing for bctseSj and the 
other is to be used in testing for acids. 

1 . There are no methods of grouping the acids in a 
definite way, as we have done with the bases; yet certain 
steps can be taken that will indicate in general the plan 
to be pursued. 

2. Since, in searching for metals, acids have been intro- 
duced into the solution, we must not use the filtrate left 
from which to determine the acids originally present, but 
we must apply our tests to a portion of the original solution. 

3. We must keep carefully in mind the kinds of ma- 
terials we use in the process of making solutions, as their 
presence will be certain in the solution. 

4. After finding the basic element, the Table of Solu- 
bilities will ren(rer important service, in showing the prob- 
able absence or presence of some acids. 

It will be seen readily that it would be of no use to seek 
in a solution for an acid whose salt with the metal pre- 
viously determined, is insoluble in water, in acids, or in a 
mixture of water and acids. For example, you would not 
look for phosphoric acid, HgP04, with iron, as they make 
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a compound which is insoluble in water. At the same 
time, Pe might be found with H2SO4 in H^O. 

5. The bases of Groups from 1 to 4 inclusive, may be 
removed from the solution by boiling with NagCOg, filtering, 
and adding HNO3 to the filtrate, merely enough of the 
latter to make it neutral, and then boiling to expel COg. 

•Some of the sodium salts will contain the adds of the solu- 
tion. 

6. The metals of the alkalies (K, Na, H4N), may be 
in the filtrate from Group 5, but they can be determined 
by the^ tests previously mentioned. 

7. The removal of the bases, as a rule, should be insisted 
upon, as their presence may interfere with the detection of 
some of the acids. An excess of NagCOs should be used 
in 5. 

8. A very good way to neutralize the solution in 5 is to 
add a slight excess of H4NHO and warm the solution to 
expel the ammonia (H3N), testing the neutrality with 
litmus paper. The neutralizing is to be performed after 
the expulsion of COg, as stated in 5. 

9. We must seek for HNO3 and COg in the original 
solution and not in the solution from 5, as COg has been 
expelled and HNO3 ^^ heen added. 



FIBST PBOOESS OF DIVISION INTO aBOUPS. 

Kote. — Three methods^ selected from many now in use, are given 
for dividing the acids into groups. The first is noted for its simplicity, 
and is the best for use with a class where one person, either the 
teacher or one of the pupils, performs the test, and the others note 
the reactions. The third is the one generally selected for individoal 
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research, and is the one that is practically the best for college 
students to follow in analytical work. 

1. To some of the neutral solution previously obtained 
by 6, add AgNOg. The following acids, if present, will be 
precipitated. We divide them into two groups ; the first y 
insoluble in HNO3; the second, soluble in HNO3. 

(a) HI, HCl, HCy, HBr, H^S, H.FeCye, HgFeCye, 
HCIO. 

(b) H2CO3, H3PO4, HNO2, HjjSgOs, HgSOg, HgAsO^, 
HgAsOg, H,C,0„ Hg(C4H,06), (110)48!, (H0)3B, H^CrO^. 

2. To some of the original, neutral solution, add BaClg, 
the following acids, if present, will be precipitated. As in 
1, they are divided into tioo groups; iYie^ first y soluble in 
HCl; the second, insoluble in HCl. 

(a) H3CO3, HP, H3PO4, HgCgO^, H3ASO4, H3ASO3, 
H^CC^H.Oe), H,Cr04, (H0)4Si, (H0)3B, H^SOg, H.S.Oa. 

(b) H3SO,, H,SiFe. 

3. Acids not precipitated by reagents are HCIO3, 
HNO3, CgH^Og. 

Note. — Some of the above appear in more than one group. 



SEOOKD PBOOESS OF DIVISION INTO QBOUPS. 

The substance may be a neutral solution, which should 
be evaporated to dryness, avoiding a high heat; or, it may 
be a neutral solid. 

Place a portion of the substance in an ignition tube with 
HgS04, heat gently, and watch for changes. 

1 . If reactions occur with sudden explosions, there are 
indications of HCIO3. 
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Kote. — Owing to a probability of explosions, only a small 
amount should be used. 

2. The occurrence of an odorless, colorless gas, accom- 
panied by brisk effervescence, indicates oxalates or car- 
bonates. 

8. The occurrence of a gas possessing odor, but color- 
less, with some effervescence, indicates — 

(a) A sulphide or sulphate, if accompanied by odor of 
rotten eggs or the fumes as obtained from burning 
matches. 

(b) Odor of almonds or peach blossoms indicates HCy. 

(c) Vinegar odors indicate acetates. 

(d) Sharp, pungent, irritating odors indicate HF, 
HNO3, or HCl. 

4. The occurrence of a gas having a color accompanied 
by an irritating odor, indicates HNOg, HI, or HCIO. 

5. When these indications are wanting, use the First 
Process. 

Third ProoeBB of DiviBion into QroupB. 
By La Roy P. Gbippin. 

1. Add AgNOs to the solution containing the free or combined 
acids, and a small amount of HNOs. If a precipitate is formed, shake 
the solution to make it collect. A precipitate shows the presence of 
one or more of the following acids : HCl, HCy, HI, HBr. 

Filter out the precipitate and treat it with warm H4NHO, this 
dissolves AgCl and AgCy, but leaves Agl and AgBr undissolved. To 
distinguish between HCl and HCy, filter out the precipitate, and 
neutralize the H4NHO by HNOs. If any AgCl or AgCy were present, 
a precipitate will reappear. Filter it out, remove it to a piece of por- 
celain and heat it strongly until it fuses. This decomposes AgCy, 
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but leaves AgCl. Now treat the fused mass with a bit of Zn and 
some dilute HtS04. The hydrogen set free decomposes the AgCl, and 
forms HCl. Filter, and test the filtrate for free HCl. (See tests for 
HCl, p. 67.) 

To determine whether HC7 is not also present, take Fome of the 
original solution, add NaHO to the alkaline reaction, and then a mix- 
ture of FeSO^, ferrous sulphate, and FetCl,, ferric choloride.^ This 
produces a precipitate of mixed ferrous hydrate, Fe2H0, and ferric 
hydrate, Fet6H0. Add HCl to this, and the precipitate dissolves. 
A blue precipitate will appear almost immediately if HCy was present, 
otherwise the solution assums the color of the chlorides of Fe. 

The previous steps have shown whether HI and HBr are present, 
or absent. Confirm their presence by the special tests for these acids 
applied to portions of the original solution, particularly Tests 2 and 4. 
(See p. 68.) 

Note. — There is no one test that will determine the presence of Br 
when I is also present. It can be determined with satisfaction only 
from comj)arison of all the tests, observing the colors with great 
care. 

2. To a portion of the original solution, add barium chloride, 
BaCls. The following acids are precipitated as the corresponding 
salts: H,S05, H^SO*, H.CO,, H.C.O*, H.PO*, H.CrOi, H^BO,, 
H,C40e, HsC^Ot. 

The sulphites and carbonates make BaSOs and BaCOa, with 
BaClfl, but they can be best tested under 4, since they effervesce. 
(See 4.) 

A fine white precipitate, which filtered out can not be dissolved in 
warm dilute HCl, indicates HaSO*. (See p. 66.) 

If H8SO4 has been found to be present, it must be removed before 
proceeding to test for oxalic acid, C8H8O4. It is done by adding HCl 
to acid reaction, and then just sufficient BaCU to precipitate the 
H8SO4 as BaSOi, carefully avoiding much excess. The BaSOi is then 
filtered out, leaving the H8C2O4 in the filtrate. 

Add H4NHO to the alkaline reaction. If any precipitate appears, 
filter it out, as it will obscure the test for H8C8O4. The special tests 
for H8C8O4 may now be applied, particularly the first. (See p. 70.) 
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To determine the presence of HsP04, the original solution may 
be tested according to the special tests for the acid. (See p. 69.) 

HsP04 may also be tested as follows: If the original solution is 
not acid, add acetic acid to acid reaction, and a few drops of FegCIc 
A yellowish white precipitate of ferric phosphate, Fe8(P04)8, shows 
the H8PO4. 

When the solution is acid, add H4NHO until it is alkaline; then 
add HCl drop by drop until all the precipitate that formed disap- 
pears; then add ammonic acetate. As before, ferric chloride will now 
test the solution. 

Nitric acid solution of molybdate of ammonia, (H4N)tMo04, is 
also a good test for H8PO4. 

The test for chromic acid, H2Cr04, need not be applied unless the 
solution is colored. If colored, add acetic acid and apply the special 
tests, particularly the second. (See p. 69.) 

To test for HsBOs, dissolve some of the salt in a small amount of 
H8SO4, and then apply the special tests. (See p. 69.) 

Note. — Tartaric and citric acid are best tested for under organic 
acids. (See 6.) 

8. The Deflagnrating Acids. Note 1.— Deflagration is a rapid 
combustion from the union of charcoal with a substance melted upon 
it. 

Note 2. — If the substance is a solution and acid, apply the special 
test for HNOj at once. 

Heat a portion of the dry salt upon charcoal before the blowpipe. 
Deflagration shows the presence of a nitrate or a chlorate. If the 
substance is a solution, a small quantity must be evaporated to dry- 
ness, to apply this test. 

When deflagration ensues, test for HNOs. (See p. 66.) 
If a salt tested proves not to be a nitrate, it may be tested for 
HCIOs, or if there is any suspicion that more than a single acid is 
present. (See special test, p. 67.) 

4. Effervescing Acids. These acids make salts which, upon 
decomposition by a stronger acid, give of! a gas. 
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Add to some of the original substance in solution a little water, 
then add a few drops of HGl. Effervescence indicates the presence 
of one of the following acids: HfCOs, HaS, HsSOs, HC7. 

NoTB 1. — Usually, when HCl is added to a sulphide, the salt is 
decomposed with the precipitation of S. A white milky precipitate 
therefore shows a sulphide. 

Note 2.— When HCl is added to the solution of a sulphite, 
sulphurous acid fumes are evolved without any deposition of S ; but 
when added to a hyposulphite, sulphurous acid is given off and a 
milky pp. of S occurs. 

Note 3.~A silicate similarly treated often produces a thick 
gelatinous precipitate of silicic acid, H48i04. 

Next, place a small portion of the substance to be tested in a test 
tube and add dilute HNOs, a colorless gas given off shows HgCOs. 
Test for that acid. (See p. 67.) 

When the presence of a sulphide has been indicated by the pre- 
liminary test, add dilute H8SO4 to some of the original substance, and 
test the gas liberated with paper moistened with solution of lead 
acetate. (See tests for HgS, p. 70.) 

Sulphites are usually recognized in the preliminary tests by the 
odor. In doubtful cases, add dilute H8SO4 to the original substance, 
and the odor of SOg will show its presence. (See tests for HsSOs, 
p. 66.) 

5. ISCineral Acids. HaSiOs and HF usually appear in insoluble 
salts; a few are soluble. 

The insoluble salts are treated by fusing a small portion combined 
with about four parts of mixed KgSOs and NatCOs. This changes the 
salt to a soluble form, so that it can be dissolved in water. 

Add to the solution HGl and boil. A gelatinous precipitate 
shows H4Si04. (See p. 69.) 

When H4Si04 is not found, test the original substance for HF 
by etching. (See p. 68.) 

6. Organic Acids. These acids are all compounds of carbon. 
Heat a small portion upon a piece of porcelain. Charring indicates 
an organic acid. 
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Note. — Be careful to distinguish between blackening, such as 
appears when certain metallic salts are heated, and charring. 

Moisten a small portion of the solid substance with alcohol and 
H8SO4. Acetic ether is given off when an acetate is present, and 
it may be recognized by its odor. (See tests, p. 71.) 

Heat- a small portion carefully upon porcelain. If the odor of 
tartaric acid is perceived, apply the special tests. (See p. 71.) 

Test some of the original solution for citric acid. (See p. 71.) 

Tannic and gallic acids are recognized by adding some ferric salt, 
as FesCl«, to the solution. Black ink is produced if either is present. 

Add to the solution found to contain one of these acids, a small 
amount of HCl, and then a solution of gelatine. A curdy white 
precipitate shows tannic acid; the absence of a precipitate shows gallic 
acid. 

If neither of the above acids have been found, test for oxalic acid. 
(See p. 70.) 



CHAPTER X. 

SPECIAL TESTS FOR DIFFERENT ACIDS. 

Note. — Remember, when a substance has been added to a solu- 
tion, the character of the solution is changed, and you must search in 
the original solution to ascertain whether or not the kind of substance 
just added was originally there. 

Sulphuric (K^BO^). 

Add BaClg, white pp. (BaS04), insoluble in HCl or 
other acids. 

ThiOBulphurio (H^SgO,). 

1. Add HCl, pp. of Sulphur, and sulphurous acid 
fumes. 

2. Add BaClg, white pp., soluble in HCl, leaving a 
residue of S. 

Sulphurous (H^SOg). 

Add BaClg, white pp. (BaSOg), soluble in HCl; when 
HNO3 is added to pp. it forms BaS04, insoluble in acids. 

Note.— The characteristic odor is, in many cases, a sufficient test 
for this acid. 

Nitric (HNOg). 

1. Add indigo solution and H2SO4, and apply heat; 
the blue of the solution will fade. 

2. Add solution of FeS04, then carefully add H2SO4; 
brown ring or gpot appears where the H2SO4 meets the 
solution. 
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Note.— Form a solution of FeS04, when wanted, by adding a 
clear crystal of the salt to HgO and applying heat. 

Nitrous (HNO,). 

1. Acidify the solution with acetic acid and add solu- 
tion of potp^sium permanganate; the solution is decolored. 

2. Acidify as in 1, and add AgNOg, white pp. 
(AgNOg), soluble in acids and excess of HgO. 

3. Colors starch paste, to which KI has been added, a 
deep blue. 

4. , Nitrites are decomposed by acids, with evolution of 
red fumes. 

Hydrochloric (HOI). 

1. Add AgNOg, white pp. (AgCl), insoluble in HNO3, 
soluble in H4NHO, turns violet in sunlight. (Usually 
boil the solution in HNO3.) 

2. Add H2SO4 and MnOg, and heat. Clg fumes appear, 
which bleach moist litmus paper. 

3. Add Hgg(N03)g, merctirous nitrate, white pp. 
(HgCl); pp. is insoluble in HNOg, but is blackened by 
H4NHO. 

Chloric (HOlOg). 

Add strong HgSO^, yellowish gas (Clg04) is liberated 
with explosive violence. Use a small quantity and without 
applying heat. 

Kote. — Deflagration is always an indication of nitrates or 
chlorates. 

Carbonic (HgCOg) and the Carbonates. 

1. Add HCl or HNO3, effervescence, tested by passing 
gas through lime water (Ca2H0), white pp. (CaCOg). 
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2. Gas set free in 1 is odorless, and will extinguish a 
lighted match. 

Hydrobromio (HBr). 

1. Add AgNOg, yellowish- white pp. (AgBr), insoluble 
in HNO3; slightly soluble in H4NHO, easily soluble in 
KCy. 

2. Add HgSO^ and MnOg, and heat; brown vapors of 
Brg appear. 

3. Add chlorine water, then a few drops of CS^; shake, 
and CSg will be colored brownish-yellow. Avoid excess of 
chlorine water. 

4. If solution of starch is brought into contact with 
Brg, yellow bromide of starch is formed. 

Hydriodio (HI). 

1. Same as 1 for HBr, yellow pp. (Agl). 

2. Same as 2 for HBr, violet fumes of I^. 

3. Same as 3 for HBr, CSg colored violet. 

4. Same as 4 for HBr, blue iodide of starch. 

5. Mercuric chloride, HgClg, gives a salmon-colored 
pp., rapidly becoming scarlet, Hglg. 

Hgis heated upon a Alter turns yellow. — O, 

Hydrocyanic (HOy or HON). 

1. Add a few drops of KHO and FeSO^; then add 
HCl, forms Prussian blue. 

2. Has the odor of bruised peach leaves. 

3. In 1, if the solution is weak, the liquid assumes a 
green color and deposits the blue after a time. 

Hydrofluoric (HF). 

1 . Irritating odor upon adding H2SO4 and heating. 

2. The "etching process^' is a test. 
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PhoBphorio (H^PO^). 

1. Add AgNOg, light-yellow pp. (Ag3P04), soluble in 
H4NHO, HNO3, and in acetic acid. 

2. Add MgS04 with H^lSTCl and H4NHO, white pp. 
{MgH4NP04), soluble in acids. 

Ohromic (H,0r04). 

1. Add HgS, green pp. (See 4). 

2. Add lead acetate, Pb2C2H302, yellow pp. (PbCr04). 

3. Add AgNOa, brownish-red pp. (Ag2Cr04). 

4. Add (H4N)HS, green pp. (CrgGHO). 

Borio (H,BO,). 

1. Add solution to alcohol, flame tinged green. (See 
Flame Tests, p. 24.) 

2. Mixture of glycerine and boric acid brought into the 
flame shows green tinge. 

3. Acid borates form a white pp. (AgaBOa), with 
AgNOa. Neutral borates form a brown oxide of silver. 

HypochlorouB (HOlO). 

1. Add AgNOs, pp. (AgCl). 

2. Acidulate with acetic or HCl acids, and Clg gas will 
be evolved, showing bleaching effects. 

Arsenic (H3A8O4) and ArseniouB (H3A8O,) 

Are to be tested the same as for Arsenic (As), which see. 

Note. — Remember that the sulphides of CdS, SnSg, and SbgSs 
are insoluble in (H4N)8C08, while AsjOg is soluble. 

Silicic (H4Si04). 

1. Fuse the solid silicate on charcoal with NagCOg; 
dissolve in HCl, and evaporate to dryness. If a white 
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powder, SiOg, insoluble in HCl and soluble in KHO, be 
found, some form of silicic acid is present. Generally, the 
solution and pp. are boiled in KHO. 

2. When the acid is in solution, add HCl to a strong 
solution of an alkaline silicate; the silicate sets in a jelly- 
like mass. When solution is weak, add HCl and evaporate 
to dryness. You obtain a white powder, same as in 1 . 

HydroBiilphuric (H,S). 

1 . To a few drops of HCl, add some of the HgS solu- 
tion. HgS will be evolved, well known by its smell. 

2. All compounds containing sulphur, when heated 
with NagCOg on charcoal, yield NagS, which, when mois- 
tened, stains silver brown or black. 

HgS in the gaseous state quickly blackens papers moistened with 
a solution of lead acetate. — G. 

Hydroferrocyanic (EL^TeCy^) and Hydroferricyanio (H^FeCy,) 

Are tested by the tests for iron. See Fe, 3, ferrous salts, 
and 1, ferric salts (pp. 54, 65). 

Oxalic (H2C2O4) or (H^Ox). 

1. Add CaClg, white pp. (CaC204), calcium oxalate, 
soluble in HCl, insoluble in acetic acid. 

2. Effervesces with H2SO4, colorless and odorless gas. 

3. Add AgNOg, white pp. ( Ag8C204), oxalate of silver. 

Tartaric (TL^iC^TLfi^) or (H,Tr). 

Note. — Make a normal solution of the acid as follows: 1 part 
acid, 8 parts water, 2 parts alcohol. Neutralize the solution by 
adding solution NajCOs, then proceed as in 1 or 2. 
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1. Add AgNOg, white pp. (AggC^H^Og), tartrate of 
silver, turns black on boiling. 

2. Add CaClg, white pp. {03.04^^0^^), tartrate of cal- 
cium, soluble in cold solution of KHO. Heat, and the 
pp. returns. 

Citric (HjCCeHjO,)). 

1 ." See note above. Test same as No. 1 for Tartaric. 
Solution does not blacken when boiled. 

2. Add lead acetate, Pb (0211302)2, SHgO, white pp. 

3. Add OaOlg and boil, white pp. (Oa3(06H507)2), not 
soluble in KHO. 

Acetic (HCCsHgOs)). 

1 . To a solution made neutral by adding an acid or an 
alkali, add a neutral solution of FcgClg, a red solution is 
formed; not decolored by HgCl2, but decolored by HCl. 

2. Add HCl and then heat: odor of vinegar is evolved. 

3. Add alcohol and a small amount of HgSO^, the odor 
of acetic ether is produced. 



CHAPTER XI. 
TREATMENT OF EXCEPTIONAL SALTS. 

BY LA ROY F. GEIFFIN. 

The oxalates, borates, and phosphates of barium, strontium, cal- 
cium, and magnesium often behave in such a manner upon the 
addition of the Group Reagent as to mislead the analyst. A precipi- 
tate is produced by H4NHO, instead of the regular Group Reagent. 
A special search must therefore be made for the metals. 

The following indications are those requiring such special tests : 

(a) When the original substance, insoluble in H^O, is soluble in 
HCl, and is precipitated by H4NHO. 

(b) When H4NHO produces a white or gray precipitate, and the 
metals of the ammonia group are absent. 

(c) When preliminary tests indicated some one of these metals, 
but ordinary tests fail to confirm the indications. 

(d) When the tests for acids show the presence of one of these, 
and the salts have not already been proved absent. 

If any, or all, of the preceding indications are present, pursue the 
following process: 

Carefully test for the presence of oxalic acid (see p. 70). If it is 
found, ignite a portion of the original substance upon porcelain — this 
changes the salt to a carbonate. Dissolve the carbonate in HCl, thus 
making a chloride, and then pursue the usual process of testing for 
the metal. 

Carefully test for phosphoric acid, H8PO4, and, if present, dis- 
solve a portion of the original substance in HCl, neutralize with 
ammonic acetate (H^NCeHgO,), then add Fe,Cle until all the phos- 
phate has been changed to ferric phosphate (Fe,(P04),). The metal 
will remain as a chloride, when test for the metal as usual. 
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Carefully test for boric acid in the usual way. If found, dissolve 
some of the original substance in HCl, and add H8SO4 and alcohol. 
This precipitates the metal as a sulphate. Filter and treat the pre- 
cipitate as follows: 

Boil the precipitate in a mixture of NatCos and KsCOs for about 
five minutes; this turns CaS04 and SrS04 to CaCOs and SrCOs; 
BaS04 remains unaffected. Filter out the precipitate of SrCOs, 
CaCOs, and BaS04, and wash it with hot water; then treat it with 
dilute HCl to dissolve the Sr and Ca. Now test the undissolved por- 
tions for Ba(see p. 56), and the solution for Sr.and Ca (see pp. 56, 57). 

Magnesium borate demands a special treatment, because MgS04 
is soluble in alcohol. Upon adding H8SO4 and filtering out the 
BaS04, SrS04, and CaS04, the MgS04 will pass through into the 
filtrate. Mg may then be precipitated as MgOjHs by adding NaHO. 
Dissolve the MgO^H, in HCl, add H4NCI and H4NHO. If the solu- 
tion is not yet clear, filter and test the clear liquid for Mg. (See 
p. 57.) 



STUDENTS^ TABLE — CHEMICAL APPARATUS. 



An excellent table for Analytical work can be arranged as shown 
in the cut opposite the title page. The table is provided with drawers 
upon either side. The top of the table is divided into sections for 
individual work, by wide brackets that support shelves above. Only 
one shelf is shown in the engraving; it is often very convenient to 
have two shelves, placed one above the other. Each student should 
be supplied with lamp, ring-stand, test-tube rack, test-tube holder, 
reagents, test-tubes, evaporating dishes, flasks, retorts, funnels, glass 
and rubber tubing, swabs, pipettes, and such utensils as are often 
needed. It is not necessary to duplicate cork-borers, mortars, hydrom- 
eters, balances, WoulfE bottles, etc. 

Some pieces of chemical apparatus are shown on page 86. 
The upper part of the cut, from the left, represents a reagent bottle, 
flask, test-tubes, pipettes, hydrometer jar, graded centimeter jar, 
mortar, thistle-tubes, and hydrometer. Below these we see graduate 
with lip, nest of beaker glasses, Woulff bottle, oxygen retort, tabu- 
lated glass retort, balances, test-tube holder, ring-stand, lamp, blow- 
pipe, evaporating dish, and a set of cork-borers. Every laboratory 
should possess an "Alcohol Blast-Lamp" for glass bending and 
heating. 

The publishers of this book have arranged with a reliable firm to 
supply pure chemicals and perfect apparatus to such as desire them. 
Orders for chemicals and apparatus, or inquiries concerning the same, 
addressed to them, will receive prompt and careful attention. 
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MSTBIC MEASTJBEMENTS. 




2 mm. 


= 


.0394 in. 


18- = 


15.43235 grains 


icm. 


= 


.3937 in 


1 grain = 


.0648 »• 


lin. 


= 


2.539954 «•»• 


1 lb. av. = 


453.59 8. 


1 cu. in. 


= 


16.386176 ««• 


1 oz. av. = 


28.34954 «• 


icc. 


= 


.06103 cu. in. 


1 gal. U.S. = 


231 cu. in. 


1> 


= 


61.02705 en. in. 


1 gal. Imp. = 


277i cu. in. 



SOLUTION OF AMMONIO-STJLFHATE OF OOFFEB. 

To a solution of pure sulphate of copper, 1 part to 20 of water, 
add ammonia until the blue precipitate, at first formed, is nearly but 
not quite re-dissolved. Filter, and preserve the liquid as an arsenicum 
reagent, labeling it carefully as above. Treat solution of nitrate of 
silver, 1 part to 40 of water, in the same way, and label it ** Solution 
of Ammonio-nitrate of Silver" — Attfleld. 



TEST FOB LEAD IN TIN. 

A person can satisfactorily determine whether tin contains lead 
in sensible quantity, by the following process : Place a drop of strong 
nitric acid on the tin surface, by means of a glass rod, or even a 
wooden toothpick, and rub the acid over an area equal to the size of 
a penny. Warm it very gently until it is dry, and then place two 
drops of a solution of iodide of potassium on this spot. If the tin 
contains lead, the bright yellow iodide of lead will form. The test 
can be easily and rapidly made, and the result is very decisive. 

The above test should be made with all tin used for canning pur- 
poses. Discard any specimen that shows the presence of lead, as fatal 
results are liable to follow its use for meats or vegetables. Roofing 
tin contains lead. 
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KABSH'S TEST FOB ABSENIO. 

Arrange the evolution flask the same as in the generation of 
hydrogen, takiiig especial care that every piece of apparatus is clean 
and that the cJi^emicals used are pure. Except in rough experiments, 
dry the escaping gas by inserting a larger piece of glass tubing in the 
delivery tube, such piece to contain fragments of calcium chloride, 
CaClt, or pieces of caustic potash, KHO. Sometimes a little cotton 
wool is placed in the end of the drying tube, next the flask. This 
helps to stop any liquid that may be carried over mechanically. 

After the hydrogen gas has been flowing a few minutes, or long 
enough to expel ail of the air from the flask, light the hydrogen at 
end of delivery tube. (The end of the delivery tube should be pre- 
viously drawn to a narrow aperture by using a flame.) Test the purity 
of your materials by holding a piece of glazed porcelain in the burning 
hydrogen jet. If no spot is formed, your materials are presumably 
pure or free from arsenic. 

The solution under examination for arsenic is then gradually 
added to the contents of the flask, by means of the funnel tube. If 
arsenic is present, it will appear in the flame as arseniuretted hydro- 
gen, giving to the flame a pale lavender tint, and pieces of white 
porcelain, placed in the flame, become covered with a brown coating 
of metallic arsenic. Several of these spots should be collected for 
further tests. 

Note 1.— Remember that arseniuretted hydrogen gas is very poisonous^ 
and will produce fatal results if much of it is inhaled. Perform the experi- 
ment under the **gas duct.'' 

Note 2.— It is better to generate the hydrogen at a low temperature. 
When the liquid becomes too hot, insoluble sulphide of arsenic is formed. 
Also avoid nitrates, nitrites, chlorides, and free chlorine. 

Another way to produce the arsenical spot is to have a delivery 
tube of hard glass, about two feet long. By strongly heating the 
hard glass tube near the middle, in the gas flame, the arseniuretted 
hydrogen will be decomposed and the arsenic will be deposited farther 
along in the tube, in a dark, mirror-like form. The escaping gas may 
be passed through a dilute solution of silver nitrate, AgNOs. The 
escaping arseniuretted hydrogen is decomposed, silver is precipitated, 
and the arsenious acid, As(H0)8, is retained in the solution. 
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Note 1.— A solutlQn of arsenic in milk, or some similar material, may 
give forth so much COj as to interfere with the proper evolution of the 
hydrogen. In such cases, neutralize the solution by adding pure H^SO^. 

Note 2.— Antimony and arsenic are very similar in their reactions and 
in their appearance as a metallic spot; consequently, tests upon the metallic 
spot must be made to determine its nature. 

Testiner the Spot for Arsenic. 

1. Add a drop of (H4N)8S, spot turns yellow. 

2. Add HCl, spot does not dissolve. 

8. Add hot HNOs, spot dissolves clear. To this, add AgNOs, 
no change in color. Treat the solution by blowing vapor of HsN 
from the mouth of the ammonia bottle upon the spot, the solution 
turns brick-red. 

4. Add a solution of chloride of lime (CaCltOa, GaCls) to the spot, 
the spot dissolves. 

Note.— An antimony spot will not dissolve. 



OBOANIO IMFXJBITIES IN WATER. 
Make a solution as follows: 

12 grains caustic potash, in stick form. 
3 grains permanganate of potash. 
1 ounce pure water. 
Put one drop in a small quantity of HgO to be tested. If the test 
is decolored, it indicates organic impurities. 

If not decolored at once, set aside in a moderately warm place, 
for a little time. If not decolored then, organic impurities are 
undoubtedly absent. 

Drinking water often needs to be tested for the presence of CI,, by 
AgNOg, which produces a white precipitate of AgCl if Clg is present. For 
nitrites, by stirring in a small quantity of starch paste containing KI ; the 
nitrites decompose the KI, and the free Ig produced blues the water by form- 
ing a compound with the starch ; and for free HgN, by Nessler's reagent. 
Either organic impurities or one of the above substances give rise to a suS' 
picion of sewage contamination.—^. " 

An additional test for lead in water is to fill a glass tumbler with 
the water to be tested, and set it upon a sheet of white paper. Add 
a drop or two of dilute HNOg and some H2S. A dark brown tinge, 
seen by looking through from above, will indicate the presence of lead. 
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Nessler's Test for Ammonia in Water. 

BT LA ROT F. GRIFFIN. 

Prepare the reagent as follows (the quantities are given for one litre; a 
smaller amount will require the same proportion) : Dissolve 34 grms. KI in 
100 CO. of water, and add a saturated solution of HgCl, until the precipitate 
first formed ceases to dissolve. Filter. Dissolve 160 grms. KHO in just sufficient 
water to dissolve it, and add the solution to the filtrate. Now dilute the whole 
to the volume of one litre and add 5 cc. of saturated solution of HgCl^. I^t 
the solution stand so that any precipitate may settle, and then decant the clear 
liquid for use. The addition of HgCl^ is to " sensitize " the solution. The 
sensitiveness is lost by standing ; consequently, the HgCl, should be added 
when the solution is wanted for use. 

NoTB.— This reagent can be used for quantitative tests by standilrdizing, 
that is, determining the amount of the reagent required to neutralize a given 
quantity of ammonia. 

To test for free ammonia, add a small amount of the reagent to the clear 
solution ; a brown precipitate is formed. 

When some salt of ammonia is present, place the substance to be tested 
in a clean flask, add a small amount of water and a piece of solid NaHO. Fit 
the flask with a rubber stopper and a bent delivery tube, place the end of the 
delivery tube in a test tube containing some of the reagent, and heat the flask 
to boiling If the substance treated was a salt of ammonia, the precipitate 
will appear. 

Note.— Certain substances containing N and H uncombined, form H^N, 
when distilled. These require separate examination. 



0HEMISTB7 WITHOUT APPABATX7S. 

When one is engaged in qualitative chemical analysis, it is nec- 
essary to change vessels at almost every reaction, or else be compelled 
to resort to frequent washing, which, if it be not properly performed, 
may spoil the results of the subsequent reaction. One of the best 
means that has been tried of getting over this difficulty consists in 
the use of the smoked capsules proposed by Mr. Violette. By smoked 
capsule is meant a small porcelain saucer covered with a layer of 
lampblack by putting it into the flame of a candle. A drop of water 
or of a saline solution, carefully deposited in this capsule, assumes 
therein the form of a globule which is as limpid as crystal, and 
which does not adhere to the lampblack. The addition to this 
globule of another drop of saline solution or a particle of a solid 
reagent produces therein all the phenomena of coloration, precipita* 
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tion, and crystallization with perfect clearness. The eye is capable 
of following in it the least changes (which are rendered still more 
manifest through the lenticular magnification) without having to 
look through the glass sides of what are usually used as receptacles. 

After the phenomena has been observed, the globule is thrown 
out through a slight blow on the capsule. The latter will be found 
clean, without residuum, and perfectly fitted for the examination of 
another reaction without any mixture with the preceding. The 
vessel is, so to speak, clean without the necessity of cleaning it, and 
there need be no fear of any of those contaminations, even slight 
ones, that sometimes spoil analytical results in the ordinary vessels 
used. 

The capsule, which is only three-quarters of an inch in diameter, 
is nothing else than one of those small porcelain saucers used for 
water colors. In order to put it into the flame, it must be grasped 
with pincers; but the operation may be more easily performed by 
gluing a thin cork disk to it, and sticking a pin into this for a handle. 
For smoking one of these capsules properly it is necessary to use 
precautitm. It should be thrust into the upper third of the flame of 
a candle several times, and be allowed to cool in the intervals. It is 
necessary to wait until the capsule is cold before depositing the 
globule in it, for otherwise it would get wet. The carbonaceous coat- 
ing is at once made wet by acid, alcoholic, and ethereal liquids, and 
it is only aqueous solutions that assume a globule form upon it. 

This mode of operating may be still further simplified by taking 
advantage of the property that the leaves of some plants possess of 
not ifeing wet by water and aqueous saline solutions. Among such 
leaves, those of the nasturtium {Tropceolum) have a form that 
especially adapts them to this use. When one of these is held by its 
petiole, its upper surface exhibits a depression in which one can easily 
deposit a globule, and proceed exactly as with the smoked capsule. 
When the leaf becomes wet, after a few reactions, nothing is easier 
than to substitute another one for it. — La Nature, 



AKTIDOTEI9. 

AllLalies. Vinegar or lemon juice would be a good antidote for 
a caustic alkali. 
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Antimony. There should be administered an infusion, either 
of tea, nutgalls, oak bark, or some astringent which forms the insol- 
uble tannate of antimony. The stomach pump should be used as soon 
as possible. 

Arsenic. Freshly prepared ferric hydroxide (FeeeHO), made by 
adding 114X110 to a solution of FejCle. Filter, and wash the precip- 
itate. The latter is then ready for use. 

MgO, magnesia, is an antidote. In a few moments, follow the 
magnesia with a teaspoonful of mustard in a cup of warm water. 
Soon after giving the mustard, administer a dose of castor oil. 

The stomach pump should be used. 

Barium. Any sulphates, such as those of magnesium and sodium, 
would be good. 

Carbolic Acid. The best antidote is castor oil or olive oil freely 
administered. 

Oopper. Raw eggs should be swallowed, as the albumen forms 
a compound insoluble in water. Use mustard for emetic, and apply 
the pump. • 

Cyanides. These poisons act very quickly. Emetics and the 
stomach pump should be used at once. Apply a stream of cold water 
to the spine. 

Lead. When poisoned by a soluble sulphate of lead, use Epsom 
salts, sulphate of sodium, or alum. These produce vomiting, which 
should be followed by the application of the stomach pump. 

Mercury. Albumen gives a white pp. ; therefore, when poisoned 
by corrosive sublimate, administer the white of eggs while waiting for 
a pump. 

Nitric Acid. Use a solution of carbonate of sodium, washing 
soda, or a mixture of magnesia and water, administering the substance 
slowly enough to allow the escape of the CO2 set free. 

Oxalic Acid. Use chalk and water, emetics and the pump being 
used as soon as possible. 

Silver. Solution of common salt should be administered when 
large doses of AgNOa have been swallowed ; also, produce vomiting 
by the use of an emetic. 
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Sulphuric Acid. See Nitric Acid. 

Tin. Use white of eggs; induce vomiting, and apply the pump. 

Zinc. Use solution of carbonate of sodium, followed by the 
white of an egg. 

TABLE OF REAGENTS. 

Shovjing where pp, are formed^ and their color, as recorded in the previous pages 

of this volume. 
d = dark. y = yellow. or = orange. (I = flesh colored, 

w = white. g = green. pur = purple. 1 = light, 

b = black. . br = brown. bl = blue. r = red. 

A combination of the letters is used to indicate " middle colors." 
The reagent is given at the left, followed by the material tested, and 
the color of pp. 

HsS04. Pb-w. Ba-w. 

(EU'N)200s, Pb-w. Ba-w. Sr-w. Fe-w. Fe-br. Ca-w. 
Mg-w. 

KsCraOT. Pb-y. Bi-y. Ba-y. 
K2Cr04. Ag-d.r, Hg-or. Ba-y. 



Cr-g. 



NaHO. Pb-w. Hg-b. Hg-y. 

(HJSr)t&. As-y. Hg-b. Cr-bl.g. Al-w. 

SnCls. Hg-grey. Hg-w. Au-pur. 

(H4N)H0. Bi-w. Cu-g.bl. Fe-br. Ni-g. Co-bl. Mn-w. 
Zn-w. Hg-w. Sb-w. Sn-w. Cd-w. Ni-g. Zn-w. 

HgCls. Sn-w. 

NasCOs. Sr-w. 

H4NOX. Sr-w. Ca-w. 

(H4N)HS. Cu-d. Fe-b. Ni-b. Mn-fl. Zn-w. Co-b. 
H,Cr04-g. 

"SJPeOye. Fe-b. Cu-r.br. Fe-w. 

Lead Acetate. Cr-y. HjCrOi-y. Citrio-w. 



KI. Pb-y. Ag-y.w. 


Hg-y.g. 


Hg-y. 




HCl. Ag-w. Hg-w. 


Pb-w. 


As-y. 




HeS. Ag-b. Hg-b. 


Sb-or. 


Sr-y. Bi-b. 


Cu-b. 


i-br. H8Cr04-g. Pb-b. 


Hg-w. 


As-y. Sn-br. 


Cd-y. 


KHO. Ag-br. Ni-g. 


Mn-w. 


Sn-w. Bi-w. 


Cu-g. 


KCy. Ag-w. Cu-g.y. 


. Cd-w. 


Ni-br. 
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K«rdcy. Fe-bl. 

AgNOs. Cr-br. HCl-w. HBr-y.w. Hl-y. 
HgCr04-br. Tartaric-w. Citric- w. Oxalic-w. As-y. 

NaaPHOi. Mg-w. Ag-y. Al-w. Ba-w. 
' Hg,(N08)«. Ha-w. 

Tartaric Acid. K-w. 

Axnmonio-Sulphate of Copper. As-g. As-l.b. 

Axnmoxiio-Nitrate of Silver. As-y. As-r. 

PtCl4. K-y. H4N-y. 



H,P04-y. 
As-r.b. 



H,SiF.. Na-w. 






BaCl,. H«S04-w. 






FeSO*. HNOa-br. 






OaCls. Tartaric-w. 


Citric-w. 


Oxalic-w. 


PeaOlfl. Acetio-r. 







TABLE INDICATING BASES. 

P stands for precipitate. N for no precipitate. 



BBAGINTS USED. 


METALS INDICATED. 


Na,CO». 


HaN. 


KHO. 




N. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 

P or N. 


N. 
N. 
P. 
P. 
P. 
P. 
P. 
P. 

P. 


Blue P. 
Green P. 
Brown P. 
Black P. 
Yellow P. 
White P. 

White P. 


K, Na, H4N. 

Ba, Sr, Ca. 

Cu, Co. 

Fe, Ni, 

Fe, Ag. 

Hg, Au. 

Hg, Au, Pt. 

Pb, Zn, Sn, Al, Sb. (The precipi- 
tate dissolves.) 

Mg, Bi, Fe, Cd, Mn. (The pre- 
cipitate does not dissolve ) 



Modified from JScUne. 
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TABLE OF ELEMENTS. 

^he atomic weight is according to Roscoe and Schorlemmer. 
In rare cases higher terms of valence are found. 



SYMBOLS AND YALENCE. 



Aluminum » . . Al 

Antimony Sb 

Arsenic As 

Barium Ba 

Bismuth Bi 

Boron B 

Bromine Br 

Cadmium Cd 

Calcium Ca 

Carbon C 

Chlorine CI 

Chromium Cr 

Cobalt Co 

Copper Cu 

Fluorine F 

Gold Au 

Hydrogen H 

Iodine I 

Iron Fe 

Lead . Pb 

Magnesium Mg 

Manganese Mn 

Mercury I Hg 



Nickel . . 
Nitrogen . 
Oxygen . . 
Phosphorus 
Platinum . 
Potassium . 
Silicon . . 
Silver. . . 
Sodium . . 
Strontium . 
Sulphur . . 
Tin. . . . 
Zinc . . . 



Ni 

N 



P 

Pt 

K 

Si 

Ag 

Na 

Sr 

S 

Sn 

Zn 



4 . . 

3, 5 . 

3.5 . 
2 . . 
3, 5 . 
3, . . 
1,3,5 
2 . . 
2 . . 
2,4 . 
1,3,5 

4.6 . 
2, 4 . 
2 . . 
1 . . 
1, 3 . 

1 . . 
1,3,5 
2,4, 6 
2,4 . 
2,4,6 

2 . . 
2 . . 
2,4 . 
1,3,5 
2 . . 
1, 3, 5 
2,4 . 
1 . . 
4 . . 
1 . . 

1 . . 

2 . . 
2,4, 6 
2,4 . 
2 . . 



ATOMIC 
WEIGHT. 



27.3 

122 
74.9 

136.8 

210 
11 
79.75 

111.6 
39.9 
11.97 
35.37 
52.4 
58.6 
63 
19.1 

196.2 
1 

126.53 
55.9 

206.4 
23.94 
54.8 

199.8 
58.6 
14.01 
15.96 
30.96 

196.7 
39.04 
28 

107.66 
22.99 
87.2 
31.98 

117.8 
64.9 
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TABLE SHOWING THE SOLUBILITY IN 



W= soluble in water. 
S = sparingly soluble in water. 
B = insoluble in water — soluble 
in acids. 



A = sparingly soluble in water, 
increased by acids. 



No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 



Salts. 



Hydrate 

Sulphide 

Chloride 

Iodide 

Bromide 

Cyanide 

Ferrocyanide . 
Ferricyanide . 

Fluoride 

Silicate 

Fluo-Silicate . 

Sulphate 

Sulphite 

Nitrate 

Chlorate 

Phosphate . . . 

Arsenite 

Arseniate 

Chromate 

Acetate 

Tartrate 

Oxalate 

23 Borate 

24 I Carbonate 



Add. S 

H(HO) 

IIbS 

HCl 
HI 

HBr 

HCy 
HiFcy 
H.Fdcy 

HF 
IlfSiOs 
HgSiFe 
H.S04 
HgSOs 
HNOs 
HClOs 
• H,P04 
HgAsOs 
II8A8O4 
HgCrO* 

C4HeOe 
C8H,04 
HgBOs 
HgCOs 



o 

! M 

IW 
W 

w 
w 
w 
w 
w 
w 
w 
w 
s 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 






s 



wl 
w, 

W| 

wl 
w 

W| 
W| 
Wi 

w: 

I 

w, 

w 

w\ 

W| 
W| 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 



WW 

w w 
Wl w 
WW 

w w 

W| s 

w| s 

WW 
W B 
E 




s I s 
w w^ 
wjw 

W! W 
WW 

wjw 

W|W 

w 



B 



w 



o 



W, B 



I 1 I 



w 
w 

B 

s 

B 

WJ B 
WW 
W B 
W B 
W B 
w' B 



b' 

E 
W 

O 
A 
W 
W 
B 
S 
B 
S 

w 

B 
B ' B 
B B 

B ;b 



B 
A .. 
WW 

wjw 

WW 

w|.. 

W: B 

W .. 

B I B 

O I B 

W 

W 

A 

W 

W 

B 

B 

B 

W 

w'w 
s jw 

S B 

S |B 

B I .. 

I 



B 
B 
W 
W 
W 
B 
B 
O 
B 
B 
W 
W 
S 

w 
w 

B 
B 
B 
W 
W 
A 
S 
B 
B 
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WATER AND ACIDS OF THE COMMON SALTS. 



P = soluble in small amount of 
water — precipitated in large 
amount of water, prevented 
by presence of free acid. 



= insoluble in water and acids. 
E = soluble in part, not com- 
pletely, by acids. 
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Chemical Apparatus. 
[See page 74 for description.] 



INDEX. 



Page 

Acids, defined 9 

'* naming 9 

" Test for 58-66 

" Deflagrating 63 

*' Effervescing 63 

•* Mineral 64 

*' Organic 74 

Acid, Acetic 71 

" Arsenic 69 

" Arsenious 69 

" Boric 69 

" Carbonic 67 

" Chloric 67 

♦* Chromic 69 

•' Citric 71 

'* Hydriodic 68 

" Hydrobromic 68 

" Hydrochloric 67 

•' Hydrochlorous 69 

*' Hydrocyanic 68 

** Hydro ferricyanic 70 

" Hydroferrocyanic 70 

" Hydrofluoric 68 

" Hydrosulphuric 70 

" Nitric 66 

" Nitrous 67 

" Oxalic 70 

" Phosphoric 6« 

" Silicic 67 

** Sulphuric 66 

" Sulphurous 66 

" Tartaric 70 

" Thiosulphuric 66 

Alaminam 85 

Ammonium 57 

Ammonio Sulphate of Copper ... 75 

Analysis, process of 35 

'* first step 85-45 

'* Qualitative 9 

" Quantitative 9 

Antidotes 79-80-81 



Page 

Antimony 53 

Apparatus 12-74 

Appendix 75 

Arsenic 52 

" Marsh'sTest 76 

Atomic Weight 29-83 

" *' problems 30 

Barium 56 

Balances 17 

Base, defined 10 

Basis, Table of 82 

Beakers 17 

Bismuth 53 

Blow Pipe with Charcoal 26-27 

Blow Pipe 14 

Blue Glass ." 15 

Borax Bead Test 26 

Cadmium 54 

Calcium 57 

Charcoal 18 

Chemistry without Apparatus... 78 

Chromium 55 

Cobalt 56 

Copper 54 

Corks 14 

Elements, Table of 83 

Evaporating Dishes 17 

Files 14 

Filter Papers 15 

Flame, Oxidizing 25 

" Reducing 25 

Flame Test 25 

Flasks 18 

Funnels 17 

Gas Duct 14 

Glass Tubing 13 

Glass Working 15 

Gold 54 

Graduates 15 

Group Reagents 35 

Group one, Metals 86-60 
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Oroiip two, Metals 87 

" three, " 40 

" four, " 42 

" five, " 44 

Iron 64 

Lamp 12 

Lead 50 

Lead in Tin 75 

Litmus Paper 15 

Luting 14 

Magnesium 57 

Manganese 56 

Metals, Groups 86-44 

»' Testfor 50 

Metric System 75 

Mercury 51 

Mortar 18 

Mucilage 16 

Nessler's Test 78 

Nickel: 55 

Nitrates : 11 

Nitrites 11 

Pipettes 15 

Platinum 14 

Potassium 57 

Preliminary Steps 45 

Reagent, defined 19 

" howtouse 19 

" how to make 20 to 23 

table of - 81 

Retorts 19 

Ring Stand 17 
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Rubber Tubing 14 

Salt, Acid 11 

" Basic 11 

" Double 11 

" defined 10 

" naming 11 

'* Normal 11 

Salts, Exceptional 72 

Sand Bath 19 

Silver 50 

Sodium 57 

Solubility, Metallic 88-M 

" Non-metallic 31 

Table of W-?5 

Solutions, colored, indicated 24 

Starch Paste 17 

Steps, preliminary' 45 

Strontium 56 

Students' Table 74 

Swab 12 

Symbols 83 

Tert Tubes 12 

Test Tube Holder 17 

" Rack 13 

Tin 53 

Turmeric Paper 16 

Valence 28-83 

Water 13 

'* Tests 77 

Wash Bottle IS 

Wire Gauge 18 

Zinc 66 
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John C. Buckbee & Co. have become the sole publishers 
of the followlnfiT books heretofore Issued by S. C. GrlfiTfiTS 
& Co., In which firm Mr. Buckbee was for nearly fifteen 
years an active partner. 



Bacon— A Manual of Gesture.— With 100 Figures, embracing a 
Complete System of Notation, with the Principles of Interpretation, 
and Selections for Practice. By Prof. A. M. Bacon. Sixth Edi- 
tion. 12mo, cloth , $1.30 

**The work comprebendt all that la raloable upon the tabject of gettore.**— 
M. L, Oumnoek^ l^qflstior qf SlocuUon^ Northwutem OMvenUff^ TIL 

** There baa been no work on the sabjeet yet offered to the public which ap- 
proaebet it for ezbanttlTenesB and completeness of detail. It is of the utmost 
Talne, not merely to stadents, but to lawyers, clergymen, teachers and pnbUo 
speskers, and its importance as an assistant in the formation of a correct and ap- 
propriate style of action can hardly be orer-estimated.**— i%llad«IpAia Inquirer. 

Brown— Wit and Humor. — A Choice Collection of Anecdotes, 
Legal, Congressional and Dialect Wit and Humor, Jokes, Conun- 
drums, etc. By Marshall Brown. Illustrated. Twenty-Second 
Edition. 12mo, paper covers, 50 cts.; cloth $1.00 

"There Is an enormous amount of laughter in the pages of this book.**— 
If, T. Evening JfaU, 

Buckingham— Elements of the Differential and Integral Cal- 
culus. — By a New Method, founded on the True System of Sir 
Isaac Newton, without the use of Infinitesimals or Limits. By C. 
P. Buckingham. Third Edition. Revised. 12mo, cloth. . . $1 . 75 

Oarew— Tang'.ed.— A Novel. By Rachel Carbw. 16mo, cloth, 75c. 

** The ingenuity of Miss Rachel Carew*s story is so unusual, the probability 
so well sustained, and the entertainment we derlre from It so great that our 
Interest is held from the initial to the concluding chapter.**— ifew ratrM Evening 
JfaU wid BSxprete, 



d PUBLICATIONS OF JOHN C. BUCKBEE & CO. 

Gone— Two Years in Oalifomia.— By M. Conb. With 15 fine 
Illustrations, a map of California, and a plan of the Tosemite 
Valley. 12mo, cloth $1.50 

Fawcett— Hand-Book of Finance.— With over 80 tables and dia- 
grams. By W. L. Pawcktt. Second Edition. 18mo, cloth, $1.75 

**ABafnII and yery complete oolleotlon of monetary statiitics, thli work 
has never been equaled or even approached."— rA« PkiltuUlphta Preaa. 

Hall— Lyrics of Home-Land.— By Eugene J. Hall. Beautifully 
Illustrated. Octavo, with handsomely ornamented cover in ink 
and gold. Full gilt edges $3.00 

John G. Whitttkr writes: ** I have read thy handsome volnme with hearty 
Interest. Some of the poems and lyrics seem to me admirably done. They are 
rery true to nature and home life.'* 

•Ingersoll— The Crest of the Continent.— A Record of a Summer's 
Ramble in the Rockies and Beyond. By Ernest Inobrsoll. 
Illustrated with about one hundred beautiful engravings from 
leading artists. 28th Thousand. 12mo, paper, 50 cts.; cloth. $1.00 

"These pictures take the reader delightfully through Denver up to Plke*s 
Peak, along the picturesque road to the Bio Grande, to the Colorado wonders, the 
ancient towns of New Mexico, the antiquities of the Rio San Juan."— CVacinnoM 
OommercUil' OoMette. 

** This new world, this new region, seems like enchantment. Next to going 
to the Rocky Mountains Is the prlyilege of reading such a thrilling narratlre.'*— 
ChriBtian Secretary, Hartford. 

Kennedy— Wonders and Curiosities of the Railway. — Or, Stories 
of the Locomotive in every Land. By W. S. Kennedy. Second 

Edition. Illustrated. 12mo, cloth $1.25 

"If any of our readers wishes a thoroughly entertaining book let him try 
this. It is one to be most cordially recommended as good from beginning to end. 
The information It gives is wonderful, and the chapters are full also of many good 
and well told stories and bits of Information all germane to the subject. The 
book Is embellished with many useful and excellent illustrations which help to 
make the work In Its attractive cover and with Its pretty letter press a very gem 
qfa book.**—Unity^ Chicago. 

Lorimer— Isms Old and New.— By Gborgb C. Lorimer, D.D. 

12mo, cloth $1.00 

**Wrltteninastyle remarkable for its freshness and force, its ornate ele- 
gance and its popular attractiveness, and every page glistens ^t^lth apt quotation, 
and shows large reading and^amest thinking. It meets actual foes of evangeli* 
eal Christianity face to face with facts and arguments which can not be gainsaid 
or answered.— 3%« EutngeUety New York. 
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Lorimer— JesuB, the World's Savior.^Who He Is, Why He Came, 

and What He Did. By G. C. Lorihbr. 12mo, doth $1.00 

** It preients the facts and their letaoni with a ffeihnesB and force that enchain 
the Intereat and leare durable and saiaUry Imprenlona. The author*! atjle !■ 
transparent, often ennobled by lofty thought and profound feeling, and enriched 
by a wealth of apt citation. The book la eminently fitted for uaefulneaa In thla 
epoch of doubt and Inquiry.'*-' iTolfOfiaJ BapUat^ Philadelphia. 

*I<orimer— Studies in Social Life : A Review of the Principles, 
Practices and Problems of Society. By Georgb C. Lorimeb, 
LL.D. 12mo, cloth $1.00 

" He la vigoroua and aggreaalTe, logical in argument and aound In theory.**— 
FMadBlphia Eeeord. 

**It la full of aound aenae, and of broad rlewa, and abounda In auuMtlona of 
practical value. '*—CAieaflro Timss. 

Maertz— A New Method for the Study of English Literature.— 
By LoniSB Mabbtz. Sixth Edition. 12m6, Flexible, Inter- 
leaved $0.90 

Maertz— Key to above (for Teachers only) $0.60 

Mahan— The System of Mental Philosophy. — By Prof. Asa 
Mahan, D.D., LL.D. Fourth Edition. 13 mo, cloth $1.15 

Mishaps of Mr. Ezeklel Pelter.— Illustrated. Cloth $1.50 

**The author createa a aerlea of the moat rldlculoua mlaadyenturea. The 
plot ahowB great Ingenuity In the number of Ita abaurd altuatlona. The book la 
certainly intereating.**— C%<ca£ro 7Ym«a. 

Raymond— The Orator's Manual.— A practical and philosophical 
treatise on Vocal Culture, Emphasis and Gesture, with selections 
for Declamation and Reading. For Schools and Colleges, and for 
Public Speakers and Readers. By G. L. Raymond, M. A., Prof, 
of Oratory, Princeton College. Fifth Edition $1.30 

**The freshest, cleareat, moat complete, and aoundly phlloaophlcal work on a 
public apeaker'a training that It has been our fortune to meet. In form and sub- 

atance It la admirable A faithful atndy and practice of the prlndplea 

and ezamplea of thla book will reault In a natural, graceful and effectlre atyle of 
public apeaklng.** — Christian Union^ New York. 

Bobertson's (Fredlc W.) Living Thoughts.^A Thesaurus. By 
Kerr Boyce Tuppbr. 12mo, cloth $1.00 

** Literally a caaket of jewels.*'— CArtetion at Work, New York« 
** Grace of diction, pungency of thought and moral force freight each para* 
graph. No one can read It without being Intellectually, morally and rellgloualy 
the better for It.*— Splseopca Regitter, . . 

*8<dd by apedal arraagemant with the pnbUahera. 
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Bogen— The Waverley Dictionary.^An Alphabetical Arrange- 
ment of all the Characters in Sir Walter, Scott's Novels, with a 
Descriptive Analysis of each Character, and Illustrative Selections 
from the Texts. By Mat Rogers. Half calf, gilt top, $8.50. 
Pull calf, gilt edges, $6.00. 12mo, doth $3.00 

*'A key to the treuare-bouta of Scott*i noreli.**— J^ptecflspoj BegitUr^ 
PMladelphia. 

**There ii no tat of Soott*i noreli which It complete wlthoat wy—BvffcOo 



Sawyer^— A Practical German Grammar.— For High Schools and 
Colleges. By W. C. Sawybb, Ph.D., Prof, of German, Wisconsin 
State Normal School, Oshkosh. 12mo, doth $0.90 

Valentine- Natural Theology; or Rational Theism. ~ By M. 
Valentine, D.D., Prof, of Theology in the Lutheran Theological 
Seminary, Gettysburg. 12mo, cloth $1.15 

Welsh— Essentials of English.— By A. H. Welsh, AssH Pro- 
fessor of History and English in the Ohio State University. Au- 
thor of Development of English Literature and Language. 12mo, 
cloth $1.10 

**No notice within our hrief tpftce can conrey anything like a proper ettlmate 
of thlt Talnable rolnme. It wUl prore an InTalnable aid to all who teek to be 
directed In their critical ttndy of the Bngllth language; for In thlt department of 
ttndy there can be no happier teacher than the well known anthor from whote 
pen thlt has come.**— CftrtoCian ol TForft, New York. 

Welsh— Complete Bhetoric— By A. H. Welsh. 12mo, cloth.$1.30 

** The work takes np the subject of Rhetoric from a new standpoint, the aim 
being to make a philosophical study of the fundamental principles of procedure 
as found In the practice of the best writers— thus glrlng a practical grasp of the 
subject not to be gained from a memorization of the old rules of the rhetoricians.** 

Wheeler— The Foreigner in China.— By L. N. Wheeler. .$1.25 

Zur Brtlcke— German Without Grammar or Dictionary; or a 
guide to Learning and Teaching German, according to the Pesta- 
lozzian Method of teaching by Object Lessons. Part I. Tenth 
Edition. 13mo, half bound $0.70 

Zur Brtlcke— German, etc. Part IL Third Edition. Cloth.$1.15 

**B7 far the best method to enable pupils to acQUlre famlllarttj wttli a lan- 
guage and readiness In speaking itV—Bo»um Commoniwetatk, 



11% Any of these books may be obtained of booksellen or thfly 
«nll be mailed, postpaid, on receipt of price by the pubUshen. 



